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ABSTRACT 
AN EXAMINATION OF ALTERNATIVE (LOW CHLORIDE) WINTER DEICING 
METHODS FOR POROUS ASPHALT  
by 
Heidi Whitney Lemay 
University of New Hampshire, December 2016 
Porous asphalt is designed to filter water through pavement and, as such, it behaves differently 
than traditional dense mix asphalt commonly used today. Dense mix asphalts are designed to act 
as a barrier to water penetration. Due to these differences, porous asphalt has created challenges 
in colder climates with respect to deicing operations.  It has been found that the traditional 
deicing method of applying rock salt is not as compelling on porous surfaces because much of 
the salt remains days after a storm event. This study presents the findings of deicing an active 
porous asphalt parking lot using liquid reduced chloride or non-chloride deicers under winter 
storm conditions. Analyses include measurements of pavement surface temperature, snow and 
ice cover, and skid resistance. Three liquid reduced or non-chloride deicers were introduced and 
tested during this study:  Potassium Acetate (non-chloride), Beet and Brine (reduced-chloride), 
and Beet and Water (non-chloride). The three liquid deicers were found to be effective during 
this study, producing results similar to that of rock salt used on impermeable asphalt. Solar 
impacts were found to play a major role in the effectiveness of the deicers during this study and 
past related studies, and were confirmed visually. A comparison of deicer costs is presented.  
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1.0 INTRODUCTION 
Porous asphalt is incorporated into numerous public and private transportation projects due to 
advantages over traditional Dense Mix Asphalt (DMA) with respect to reducing post-
development stormwater flows and improving water quality while reducing the space footprint of 
parking and stormwater management when compared to traditional methods.  
Porous asphalt is acceptable to State regulatory agencies for reducing post development 
flows and improving water quality in new developments and retrofits, as evidenced in the New 
Hampshire Code of Administrative Rules, Env.-Wq 1500 Alteration of Terrain, 2009.  As the use 
of porous asphalt increases, issues are emerging in cold climate installations with respect to 
freeing these surfaces of ice and snow during and immediately following winter storm events 
because traditional deicing methods (i.e., rock salt) are proving to be less compelling on the 
porous asphalt than they are on traditional asphalt.   
Past University of New Hampshire Stormwater Center (UNHSC) research found that 
porous asphalt could require as much as 75% less sodium chloride use relative to traditional 
asphalt deicing (Houle, 2008) but these numbers should be used with caution because the actual 
sodium chloride (also known as rock salt) amount used on porous asphalt can vary greatly with 
weather conditions. This study also found that there was a significant solar impact determining 
the effectiveness of deicers, especially with the use of sodium chloride to deice porous asphalt. 
Black porous asphalt possesses low albedo and therefore retains more solar energy in the winter 
than lighter colored surfaces (Houle, 2008).   
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Porous asphalt differs from standard dense-mix asphalt in that the ‘fines’ (particles 
smaller than 600 microns) are removed from the aggregate mix, thereby allowing the formation 
of pores for water to pass (Cahill et al., 2003; Ferguson, 2005).  Rock salt is an effective deicing 
agent on impermeable surfaces because it melts through the snow or ice and forms a layer of 
highly saline water (brine) on the surface that melts the surrounding ice (Trost et al., 1987).  
The meltwater from the rock salt 
penetrates ice and snow immediately below the 
salt, but this meltwater tends to rapidly infiltrate 
through the pores of porous asphalt and only 
clears small areas where the salt has gathered 
(see Figure 1). The brine pool does not form 
below salt on porous asphalt as it does for 
impermeable asphalt. Following deicing, excess 
salt crystals remained on the porous pavement for longer durations and in greater amounts than 
the standard asphalt (Houle, 2008). During the Houle (2008) study, rock salt remained on porous 
asphalt for longer periods of time than on dense mix asphalt surfaces, but was not as effective on 
the porous asphalt because it got trapped in the pore spaces and was unable to travel as 
efficiently across the surface to melt snow and ice.  
This study examines the effectiveness of using liquid deicers to deice porous asphalt, 
specifically non-chloride or reduced-chloride deicers. Limited studies have been conducted to 
date in cold climates utilizing liquid deicers on porous asphalt. 
Porous asphalt inherently has higher frictional resistance over conventional dense mix 
asphalt, making it a surface that is safer to travel over with less risk of slippage (V. Adam and S. 
Figure 1: Rock salt melting on porous 
asphalt and infiltrating into pores 
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C. Shah, 1974; Hernandez-Saenz, Maria A.et. al., 2016 and Houle 2008). The mean skid
resistance values observed on porous asphalt were greater than that for dense-mix asphalt under 
dry conditions in this study.  This could be explained by a greater surface roughness exhibited by 
porous asphalt as opposed to dense mix asphalt.   
Reduced or no-chloride liquid deicers were incorporated into this study for two reasons. 
The first was to examine if the use of liquid deicers may be more effective than solid-state 
deicers on porous asphalt due to their ability to potentially “coat the surface” enabling faster 
melting of snow and ice than when rock salt is used alone on these surfaces. The second reason 
liquid reduced chloride or no-chloride deicers were incorporated into this study was to examine 
deicer options that may have less of a deleterious effect on the environment than rock salt, which 
accumulates in the environment and can be costly to remove (Medalie, Laura, 2013). New 
Hampshire alone has four chloride-related total maximum daily load (TMDLs) in place for many 
waterbodies listed as impaired for chloride (NHDES Total Maximum Daily Load Program, 
2016).  
Three types of reduced-chloride or non-chloride liquid deicers were compared in this 
study and applied to the UNHSC porous asphalt parking lot during winter storm events over two 
years. These deicers were applied on the porous asphalt parking lot and compared against an 
adjacent location with conventional deicing (rock salt and sand mix) on dense mix asphalt. This 
side-by-side comparison was used to examine advantages and disadvantages that exist between 
conventional solid-state deicing methods used to remove snow and ice from dense mix asphalt 
versus liquid, reduced-chloride and no-chloride deicers used to remove snow and ice from 
porous asphalt.  Performance metrics were used to measure effectiveness of the deicers within a 
range of weather conditions and will be discussed in detail in the Methodology section.  The 
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study took place over two winters (2011/2012 and 2012/2013) with the most data collected in the 
winter of 2012/2013 due to more favorable weather conditions.  
The objective of this research is to demonstrate that in addition to plowing, alternative 
deicers may be used as a partial or complete replacement to traditional rock salt or chloride-rich 
brine used to control snow and ice on porous asphalt (PA). Goals of this research are to: 
determine if reduced chloride alternatives may be used to effectively control snow and ice from 
porous asphalt surfaces in the manner expected of rock salt on traditional impervious surfaces; 
quantify each deicer’s effectiveness in order to identify under what conditions they work most 
effectively; and determine how effective each recommended application of deicer is when it is 
applied at the same concentration and amount in a variety of storms. Hypotheses in this research 
are as follows: dense mix asphalt that is not treated with deicers has less surface friction than 
dense mix asphalt that is treated with deicers; liquid reduced chloride or no chloride deicers 
applied to porous asphalt is just as effective as rock salt (chloride) deicers applied to dense mix 
asphalt; and that porous asphalt in general has higher surface friction than dense mix asphalt 
under most conditions.   
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2.0 BACKGROUND 
Porous asphalt may be installed in many areas where dense mix asphalt may also be used 
as a transportation surface, but when it comes to deicing, these pavements have been found to 
differ greatly. Porous pavement is advantageous over traditional dense mix asphalt because it 
does not require as much space for drainage components due to the fact that the excess runoff is 
stored underneath the pavement. Increased porous asphalt installations are causing snow and 
maintenance removal contractors to be faced with new deicing challenges. Until recently, only 
anecdotal comments have been made on the porous asphalt deicing challenges and few studies 
have been conducted.  
Houle’s 2008 study found that average annual rock salt usage on porous asphalt could be 
reduced as much as 75%, and was greatest during cyclical freeze-thaw conditions (Houle, 2008). 
Deicing of pervious concrete (at a location receiving less sunlight) using rock salt was also 
examined during the 2008 study, and it was found that subsequent shading of the lot and the light 
color of the pavement contributed to no salt reductions during deicing. The current study is 
focused on the deicing of porous asphalt with liquid deicers.  
Site Description 
This study was performed in Durham, New Hampshire at the University of New 
Hampshire (UNH) campus. The parking areas in which this study took place will be referred to 
collectively as the “study area” and include the UNHSC parking lot located along the
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southeastern perimeter of a nine-acre commuter lot; and a portion of the driving lane of the main 
West Edge parking lot, closest to the UNHSC parking lot. Figure 2 depicts an aerial 
representation of the study area location. The UNHSC parking lot was designed as a research and 
demonstration parking lot by the University of New Hampshire Stormwater Center (UNHSC) 
and was constructed in 2007. The UNHSC parking lot consists of a porous asphalt (PA) parking 
lot that is approximately 4,500 square feet in area and contains 17 parking spaces.  Adjacent to 
the porous asphalt portion of the lot, but also hydrologically separated, is an identically-sized, 
standard dense-mix asphalt (DMA) portion.  The dense mix asphalt lot portion of the UNHSC 
parking lot and the driving lane portion of the main West Edge parking lot were used as controls 
with which to compare the deicing effectiveness data.  
Figure 2: Study Area Located in West Edge Parking Lot 
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The climate in Durham, NH varies greatly over the year, but this area experiences winter 
from approximately December until late March. This study took place during the winters of 
2011/2012 and 2012/2013. The average daily air temperature during the two winters that this 
study took place was 38.4 ºF (average of 2 winters: winter 2011/2012 and 2012/2013), with 
minimum and maximum average daily air temperatures of 22.8 ºF and 42.6 ºF, respectively. The 
average precipitation (including snowfall) during this time period was approximately 0.339 
inches and approximately 3.90 inches (NCDC, 2014).  
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3.0 METHODOLOGY 
Standard Snow Plowing 
The New Hampshire Department of Transportation (NHDOT) Winter Maintenance Snow 
Removal and Ice Control Policy states that “Snow removal and ice control usually requires the 
timely application of either chemicals, abrasives, or a chemical – abrasive mixture to roadway 
surfaces in combination with aggressive snow plowing operations” (NHDOT, 2001). During this 
study snow plowing was completed prior to each deicer application, and was accomplished using 
a standard plow mounted on a truck driven by the UNH Grounds and Roads Department. After 
each snowfall event, the study area was cleared of snow by plowing only (no salting or sanding).  
Study Area Accessibility 
Limiting access to the study area parking lot was critical to the success of this study. 
Access to the parking lot was limited by employing adequate parking controls such as signage to 
ensure that vehicles did not park in or near the study area in order to reduce vehicular tracking or 
spreading of deicers, and limiting traffic also allowed for even plowing to be completed, 
therefore not introducing any potential bias into the study. Vehicular traffic was isolated from the 
study stalls using traffic cones after deicers were applied. Control stalls were also coned off in 
order to reduce potential deicer spread caused by vehicles.  
Study Design: Parking Stalls 
The study area parking lot consisted of five parking stalls (Figure 3). Each parking stall was 8 
feet wide by 16 feet long, totaling 128 square feet each. Four of the stalls were located on the 
PA, while one stall was located on the DMA. The four parking stalls on the PA were 
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located on one side of the lot, which enabled them to be compared side by side. Of the four stalls 
on the PA side, three were deicer application stalls (Stalls 1, 3 and 4). Stall 2 was a control 
(Control 1) which did not receive any deicer. Stall 5 (Control 2) on the DMA side of the study 
area was a control which did not receive any deicer application. Stall 6 (Control 3) was a control 
located in the driving lane of the main West Edge Parking Lot and received typical plowing, 
sanding, and salting during each storm event. 
Figure 3: Study Area Schematic 
Deicer stall selection and placement was configured to subscribe to the following factors. 
Parking stalls were first examined during both wet and dry conditions in order to determine if 
there were any signs of ponding or premature wear. The stalls that were selected for deicer 
applications showed very little of these. Potential for accidental salt spread from the commuter 
lot plow truck was also considered when choosing stall locations, and it was concluded that there 
Parking Stall Deicer Applications:  
1 = Potassium Acetate – Porous Asphalt 
2 = Control 1 (PA No Salt) – Porous Asphalt 
3 = Beet and Brine – Porous Asphalt 
4 = Beet and Water – Porous Asphalt 
5 = Control 2 (DMA No Salt) – Dense Mix Asphalt 
6 = Control 3 (DMA Salt) – Dense Mix Asphalt 
10 
was little potential for the salt to pass up and over the vegetated island adjacent to the parking 
stalls on the north side.  
Past studies conducted by the UNH Stormwater Center had shown that solar and thermal 
influences on pavement causes uneven melting of snow and ice. In order to prevent uneven 
exposure, stalls were arranged and tested on the same side (North or South as depicted in Figure 
3) for each event so that biases would not be introduced into the study.
Study Design: Grid System 
Each parking stall contained eight, 4 foot by 4 foot grids. The grid sizes were established 
based on a 2008 deicer study by UNHSC Master’s student Kristopher Houle. Random number 
sequences were generated, and four of the eight total grids of each parking stall were monitored 
during each storm event. Due to the fact that every grid could not be feasibly tested during each 
storm event due to time restrictions, randomness was incorporated into this study in order to 
remove any bias that could be introduced into the dataset by not testing each parking stall.  
The center of each grid in this study was marked to ensure that this location within the 
grid was tested each time so that surface friction results could be compared without accounting 
for surface variation alone. During this time, the four test locations for Control 3 were also 
marked. 
Deicers 
Cryotech CF7© Commercial (Potassium Acetate) – Colorless liquid deicer, vinegar odor 
5 gallons of Cryotech CF7© Commercial to be referred to as “Potassium Acetate” was 
obtained directly from the manufacturer. This deicer solution consisted of 50% aqueous 
potassium acetate by volume and less than 1% corrosion inhibitors, with the remaining contents 
being patent-protected. Potassium acetate is similar to vinegar, and this deicer had a pungent 
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vinegar smell. Potassium Acetate is an effective deicer on impervious surfaces because it has a 
very low freezing point at approximately -76°F and it is a relatively dense liquid (compared to 
water), enabling it to travel along the impermeable surface and melt snow and ice. The amount of 
potassium acetate applied during each storm was calculated based on the manufacturer’s 
recommended deicer application (for impervious surfaces) and scaled down to individual parking 
stalls. The manufacturer’s recommended application for DMA was 2 gallons per 1,000 square 
feet. Each parking stall was 128 square feet in area, which required approximately 0.25 gallons 
of Potassium Acetate to be applied per precipitation event. See deicer application calculations in 
Appendix A of this thesis. Toxicity information may be found in Appendix M. 
Ice Bite S© (De-sugared Beet Molasses and Brine) - Dark brown liquid deicer, decaying 
organics odor 
10 gallons of liquid Ice Bite S© to be referred to as “Beet and Brine” was obtained 
directly from the manufacturer.  This solution contained 80% liquid “brine” or sodium chloride 
and water (which consisted of approximately 77% water, and about 23% calcium chloride), and 
20% desugared beet molasses.  Desugared beet molasses works by preventing snow and ice from 
sticking to pavement and works more effectively than brine alone due to the fact that it contains 
a mixture of desugared beet molasses and brine. The desugared beet molasses works to suppress 
the freezing point of the mixture to -26°F due to its complex carbohydrate chain structure that 
enables the mixture to freeze at lower temperatures than brine alone. The manufacturer’s 
recommended application for traditional impervious asphalt (DMA) was 40 gallons per lane 
mile, based on a 9-foot lane width as specified by the American Association of State Highway 
and Transportation Officials (AASHTO) for rural road design. The total parking stall area was 
equal to 128 square feet, requiring approximately 0.11 gallons of de-sugared beet molasses and 
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brine to be applied per precipitation event. See deicer application calculations in the Appendix A 
of this thesis.  
 Ice Bite© (De-sugared Beet Molasses and Water) – Dark brown liquid deicer, decaying 
organics odor 
5 gallons of liquid Ice Bite© to be referred to as “Beet and Water” was obtained directly 
from the manufacturer. The manufacturer advised not to apply this directly to pavements as it 
could make it slippery. The beet molasses was very viscous and diluted with water in order to 
apply the solution using a garden sprayer. After dilution, the solution contained approximately 
33% water, and 67% desugared beet molasses. Desugared beet molasses alone has a freezing 
point of -31°F due to its complex carbohydrate chain structure that enables it to freeze at lower 
temperatures than brine. Pure desugared beet molasses is typically blended with brine, but in this 
study it was tested as a stand-alone mixture and blended with water instead of brine.  The same 
manufacturer recommended application amount was used as the de-sugared beet molasses and 
brine discussed above.  
*Note that product identification is in no way any endorsement of the product.
Controls  
Porous Asphalt (PA) No Deicer Applied – Control 1 
Only plowing occurred on this porous asphalt parking stall and no deicers were applied 
(to be referred to as “Control 1 – PA No Salt”). This control allowed the study of surface friction 
on porous asphalt under various weather conditions when no deicer was applied. This control 
parking stall was situated between three deicer stalls, and received relatively even snow plowing 
and similar amounts of shade and sun (See Figure 3). Care was taken to ensure that deicers were 
not accidently tracked onto the surface of other stalls by coning off the stall and taking care to 
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not accidentally track deicers onto this stall. The meltwater tended to flow directly into the 
porous asphalt, so it did not tend to flow across reducing the potential for causing cross-
contamination of stalls.  
Dense Mix Asphalt (DMA) No Deicer Applied - Control 2 
Only snow plowing occurred on the dense mix asphalt (DMA) parking stall and no 
deicers were applied (to be referred to as “Control 2 – DMA No Salt”). The purpose of this 
control was to study the surface friction of DMA if no deicer was applied. Care was taken to not 
introduce deicers or other debris by coning off the stall and taking care to not accidentally track 
deicers onto this stall. This control stall was situated on the DMA side of the study area parking 
lot, adjacent to the porous asphalt stalls (See Figure 3). This area was chosen in this side-by-side 
study because it received relatively the same amounts of shade and sun as well as snow plowing. 
Initially, this was not a preferred location because the pavement was seal-coated (during a 
previous UNHSC study) and thus was darker in this location, which could have led to skewed 
results due to the potential increase in surface temperature because of the greater thermal 
absorption capacity of darker pavement. Upon further examination, this area made the most 
sense due to the fact that unsalted (but plowed) areas of DMA were very difficult to find in the 
main West Edge parking lot. Accidental (uncontrolled) salting of pavements could have been 
more detrimental to this study than (uncontrolled) thermal differences. Thermal effects were 
measured by incorporating a laser infrared temperature gun and adjustments (if any) were made 
prior to each deicer application and will be discussed later in this thesis.  
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Dense Mix Asphalt (DMA) Chloride Deicer and Sand Mix – Control 3 
The DMA driving lane of the West Edge commuter parking lot received both plowing 
and deicing using a standard rock salt and sand mixture which was applied by UNH Buildings 
and Grounds driven plows during this study. The purpose of this control (to be referred to as 
“Control 3 – DMA Salt”) was to study and measure surface friction on DMA using rock salt and 
sand (to be referred to as traditional salting methods) in order to establish a performance baseline 
for deicers on dense mix asphalt to compare against the liquid deicers (or no deicer) applied on 
porous asphalt. Four locations along the edge of this driving lane were tested during each storm 
event (See Figure 3). During the fall, these four locations were spray-painted for easy location 
during storm events. Due to the nature of a commuter parking lot, cars would typically park for 
long periods of time, leaving many parking stalls inaccessible to the plow truck. The driving lane 
was chosen over individual parking stalls in this parking lot because it received adequate 
plowing and deicing. 
Deicer Application 
Uniform conditions were confirmed visually with regards to even plowing of each 
parking stall prior to each deicer application. Each deicer was contained and stored in a labeled, 
graduated garden sprayer and applied using a spray nozzle attachment to ensure even application 
onto pavement. This method for applying liquid deicers was designed to mimic standard 
municipal de-icing strategies by applying deicer immediately following (as needed) winter 
precipitation events.  When not in use, each sprayer was stored at room temperature to prevent 
freezing. The garden sprayer with a nozzle attachment was similar to a larger scale application 
strategy in which liquid deicers may be applied using an existing municipal plow truck with the 
use of a spreader bar installation which delivers a stream of deicing fluid across a surface.  
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Visual Observations and Documentation 
Photos were taken of the study area before, during, and after storm events. Air 
temperatures and storm event characteristics were recorded upon arrival onsite.  Amount of snow 
and ice cover, pavement temperature prior to deicer application and also prior to skid testing, air 
temperature, time of day, and weather conditions were of primary interest.  Effects from shading 
or direct sunlight were measured at the pavement surface using an infrared temperature gun.  
Photo documentation was necessary to substantiate the findings and to display comparative 
results of the reduced/no chloride deicers as compared to the controls.  Immediately following 
precipitation events, evaluations typically occurred one hour after deicer applications, including 
documentation during overcast and overnight conditions, as displayed in the series of photos 
contained in the Results section.  
Pavement Surface Temperature 
A laser infrared temperature gun was used to measure pavement surface temperature 
prior to deicer application and then prior to skid testing. Pavement surface temperatures were 
measured prior to deicer application in order to ensure that surfaces were approximately equal in 
temperature prior to deicing application in order to remove any potential biases introduced with 
uneven thermal/solar radiation influences. Pavement surface temperatures were taken 
immediately prior to skid testing in order to introduce another variable by which to measure 
deicer effectiveness in addition to skid testing. Temperature readings were taken at pre-
determined spray painted locations within each grid to ensure that temperatures were taken of the 
location to be skid tested. 
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Surface Friction Testing of Pavement 
Many communities in New Hampshire do not conduct anti-icing, so deicing after 
plowing is a typical practice in many towns and cities throughout the State. Anti-icing is the 
practice of applying liquid brine to a roadway prior to a forecasted storm. By applying the brine 
before a storm begins, the snow and ice is less likely to bond to the roadway surface right away.   
In order to mimic typical winter weather maintenance protocols practiced, anti-icing was not 
used in this study. A Munro Stanley London British Pendulum Skid Resistance Tester was used 
in this study to test parking lot surfaces after deicer application. The ASTM Standard E-303-93 
(Reapproved in 2008) refers to the use of a British Pendulum Skid Tester (BPT) in order to 
adequately test surface friction of pavements. The method used for operating the BPT followed 
ASTM Standard E 303–93 (Appendix J), which covers the procedure for measuring surface 
frictional properties using the British Pendulum Skid Resistance Tester. This method consists of 
using a pendulum tester with a standard rubber slider in order to determine the frictional 
properties of a test surface. The skid tester is a recognized method of measuring frictional 
resistance of pavement surfaces in order to establish a level of safety that the surface will provide 
when used as a transportation surface. This study utilized the skid tester to compare the deicers 
to controls.  The results obtained were numeric and could then be compared using statistical 
methods. The numeric skid tester results were used in order to evaluate the effectiveness of the 
liquid deicers with regards to surface friction. The higher the resulting frictional resistance of the 
surface, the greater the resulting British Pendulum Number (BPN). The BPN ranges from zero to 
150, with 150 representing a surface that exhibits maximum frictional resistance or resistance to 
slippage, therefore being the safest surface to travel along. Calibration verification of the skid 
tester was conducted after prepping the rubber slider (Appendix K).  Verification of the skid 
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tester is recommended by the manufacturer and used as a means of ensuring that the tester has 
not developed defects which could result in erroneous readings. Verification checks were 
conducted on three surfaces with known BPN results. The first surface that was tested was a 
manufacturer-supplied clean float glass sheet. The second surface supplied by the manufacturer 
was a 3M™ Lapping Film Aluminum Oxide 261X30 µm (also known as green lapping film) 
used for both preparation of the slider and for verification. The third surface provided by the 
manufacturer was a certified Pavigres tile. The desired verification BPNs for each surface are as 
follows:  
• Green Lapping Film (wet): 60-66 BPN
• Float Glass (wet): 5-10 BPN
• Pavigres Tile (wet): 13-19 BPN
Calibration and verification instructions as provided by the manufacturer may be found in the 
Appendix K.  
Three deicers and three controls were tested in this study. Deicers and controls were 
tested using a skid tester and grid system (discussed below) in order to maintain precision and 
accuracy. The center of each grid was skid tested, and the surface cover type was estimated prior 
to each test. Four swings of the pendulum arm (to obtain 4 BPN’s) were recorded for each grid, 
according to the ASTM Standard. The four tests within each grid were then averaged to find one 
mean value for each grid and stall. The significance of the average skid resistance value was to 
obtain a quantifiable number that could be used to analyze the deicers in order to measure their 
performance. 
Skid resistance measurements were taken at randomly pre-determined grids within each 
deicer and control parking stall or driving lane. Randomization was incorporated into this study 
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in order to remove any potential bias in the results and to save time because not every grid could 
be skid tested during each storm event. Four out of the total eight grids within each stall were 
randomly selected to be tested during each storm event and the sampling order was also random. 
Percent Snow and Ice Cover of Pavement 
Percent snow and ice cover was measured during each event, and in each grid that was 
also tested for skid resistance. This number was recorded as a percentage of cover for six types 
of surface cover:  snow, compacted snow, ice, slush, dry pavement, wet pavement, or a 
combination of more than one. Surface cover type and percentages were determined visually and 
estimated by dividing each grid into tenths and determining the surface cover for the full grid 
based on those sections.  
Statistical Comparison Methods 
A ‘Student’s t means comparison test was employed in this study for statistical 
assessment. The Student’s t-test is a test to determine differences in central location (mean) for 
two independent groups (Helsel and Hirsh, 2002). The sample Student’s t distribution equation 
can be calculated by:  
𝑡𝑡𝑛𝑛−1 =  𝑋𝑋� − 𝜇𝜇𝑠𝑠
√𝑛𝑛
Where: 
 𝑋𝑋� = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛  
 𝜇𝜇 = 𝑡𝑡ℎ𝑠𝑠𝑒𝑒𝑒𝑒𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛 
 s/�𝑛𝑛 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  
 𝑛𝑛 − 1 = 𝑑𝑑𝑠𝑠𝑑𝑑𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠 𝑒𝑒𝑜𝑜 𝑜𝑜𝑒𝑒𝑠𝑠𝑠𝑠𝑑𝑑𝑒𝑒𝑠𝑠 
JMP® software was used in order to expedite the computation of the Student’s t-test and 
is explained further in the following paragraphs. 
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Group comparisons with p-values less than 0.05 (with a 95% confidence interval) were 
deemed to be statistically different. The Student’s t means comparison test was performed on 
snow and ice cover and skid resistance measurements for the various surfaces and deicing agents 
studied.  The error rate for the collection of comparisons is greater than the error rate for 
individual tests (JMP®, 2016).  
JMP® software and graphics were utilized in order to graphically present results as box 
and whisker plots. JMP® software provides an additional statistical means comparison method 
known as a “Connecting Letters Report” which were utilized in this research. “Connecting 
Letters” is a type of means comparison report that shows the traditional letter-coded report where 
means that are not sharing a letter are significantly different. Significant differences are 
determined by p-values in the pairwise comparisons. Letters that represent means that are 
significantly different will have a different letter indicating that the p-values are significantly 
different.  Means that are similar to another mean (and not significantly different) will share two 
letters (one from each level) indicating that they are not significantly different because they share 
a letter (JMP®, 2016).   
Non-parametric analyses were conducted using the Wilcoxon Rank Sum-Test to examine 
the statistical results in this study and are included as Appendix L. The Wilcoxon Rank-Sum Test 
yielded similar results to the Student’s t-test discussed above. “The Wilcoxon Rank Sum-Test is 
a non-parametric alternative to the two sample Student’s t-test that is based solely on the order in 
which the observations from the two samples fall (Wild, 1997). The Wilcoxon Rank Sum-Test 
was utilized in this study because it is valid for both non-normal and normal data and is less 
sensitive to outliers than parametric tests. When this test is used in conjunction with the 
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Student’s t-test and similar results are produced, it can be concluded that the results are reliable. 
The analyses were conducted primarily using JMP® Software.  
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4.0 RESULTS AND DISCUSSION 
Winter Storm Event Characteristics 
Winter precipitation events (2012-2013) were evaluated for performance of deicers on 
porous asphalt. This study focused on deicing frozen surfaces after storms, similar to how 
municipal parking lots would be maintained and treated (deiced) immediately following winter 
storm events.  Winter precipitation events that were observed included: light to heavy snowfall, 
sleet, and freezing rain, with instantaneous air temperatures ranging from -5ºF to 40ºF (NCDC, 
2014).  Appendix B contains detailed winter storm event descriptions and data for each storm. A 
summary of weather conditions for each event occurring in the study is displayed in Table 1, and 
contain events from 2012 to 2013.  Monthly average weather statistics for a weather station 
located adjacent to the study area in Durham, NH during winter 2012/2013 are summarized at 
the bottom of the table (NCDC, 2014). 
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12/1/2012 0 1 -- -- 
12/28/2012 0.000 10.906 32 24.1 
12/30/2012 0.252 2.913 -- -- 
1/28/2013 0.020 0.512 27 8.1 
1/29/2013 0.220 2.205 34 21 
2/8/2013 0.331 2.795 24.1 12.9 
2/9/2013 2.091 17.717 21.9 12.9 
2/24/2013 0.579 3.504 35.1 30.9 
3/20/2013 0.000 9.213 37 21.9 
Monthly Averages 2012-2013 
Dec. Average 4.705 17.126 57.0 12.9 
Jan. Average 0.933 5.630 60.1 -7.1
Feb. Average 5.004 28.189 50 -5.1
March Average 0.547 13.110 57 10.0 
Table 1: Winter Storm Event Characteristics ('12-'13) (NCDC, 2014) 
Visual Observations 
Visual observations were documented during this study as photographs (photos). This 
study took place in an uncontrolled environment so it was essential to document anything that 
could not be directly measured and quantified.  Photos were taken immediately upon arrival at 
the study area following a storm and again taken after deicers were applied (prior to skid testing). 
Photo documentation was used for several reasons: photos were used to document the 
comparison of surface conditions, and to examine effects of the deicer application over time in 
order to examine potential bias that may have been introduced in this study. Observations 
indicated that deicer effectiveness was influenced to a large extent by regular plowing, in 
addition to solar radiation and above-freezing temperatures. The photos in Figure 4 document 
typical observations during a clear sunny day, when temperatures were below-freezing, then rose 
to above-freezing.   
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Figure 4: Typical Sunny Conditions During Testing on February 10, 2013 
  Photos in Figure 4 display what was typically found after snow plowing and during 
testing of the study area. After the parking lot and travel lane was plowed evenly, the radiation 
from the sun could penetrate the snow and ice surface, revealing the darker pavement underneath 
the snow. The effect of the radiation was obvious and could not be ignored. Overall temperatures 
also had a large effect, as can be seen in Figure 5 where there was less apparent solar influence 
because it was an overcast day.  
(A) PA lot after plowing, 10:15
am, 28°F 
(B) PA lot after deicers
applied, 11:15 am, 33°F
(C) PA lot after skid
testing,
1:30 pm, 35°F
(D) DMA lot after plowing,
10:15 am, 28°F
(E) DMA lot after
skid testing,
1:30 pm, 35°F 
(F) DMA travel lane
after skid testing, 1:30
pm, 35°F 
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(A) PA lot after snow plowing, (B) PA lot after deicers were applied,
8:35 am, 30°F                                           11:15 am, 33°F. 
Figure 5: Typical Overcast Conditions During Testing on February 25, 2013 
Typical overcast weather and above-freezing conditions were documented and the porous 
asphalt was generally found to be cleared of snow and ice and free of pooled water after plowing 
in several hours, with or without deicer application, which can be observed in the photo above 
where pavement is clear where deicers were not applied (areas outside of the deicer stalls).  
One overnight test was conducted during this study on March 20, 2013. As can be 
observed in Figure 6, the porous asphalt surfaces were frozen and the deicers were not very 
effective without solar radiation and warmer temperatures assisting in the melting process. 
Further, the surface of the pavement was clogged with ice and snow and there was no melting 
occurring.  
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(A) PA lot after “plowing” at 9:00pm, 30°F (B) PA lot after deicers applied, 11:00
pm, 28°F 
(C) DMA lot with black ice, 11:00 pm, 28°F (D) DMA travel lane with black ice,
11:00 pm, 28°F 
Figure 6: Typical Overnight Conditions during Testing on March 20, 2013 
Figure 6 depicts conditions after an overnight test was conducted on March 20, 2013. 
During this test, temperatures were below freezing and there was no solar influence as the stalls 
were plowed after dark. Photo (A) shows the stalls before the deicers were applied, and photo 
(B) shows the stalls after the deicers were applied and the skid testing was completed. Due to the
cold temperatures and no solar influence there were no observed (visual) changes in ice and 
snow cover from before and after on the porous asphalt surface. The untreated DMA lot in photo 
(C) had black ice present, due to the re-freezing of the melt water from above-freezing
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temperatures during the day. In addition, the DMA travel lane in photo (D) that was treated with 
rock salt had black ice evident from the refreeze of meltwater overnight.  
Pavement Surface Temperature Analysis 
Pavement surface temperature was measured using an infrared temperature gun prior to 
deicer application in order to ensure that each stall to be tested began with a relatively uniform 
temperature.  The purpose of measuring temperatures prior to deicer application was twofold: 
first, it assisted with identifying and eliminating any potential bias that could have been 
introduced if testing began in a stall containing a warmer temperature than another. Secondly, 
recording the temperature before deicer application provided a baseline with which to compare 
temperature results after deicers were applied.  
Pavement surface temperature results are presented in Figure 7 and Tables 2 and 3. Data 
was collected prior to applying deicers and then again approximately an hour after deicers were 
applied. The data represented in Figure 7 and Tables 2 and 3 show the results of a Student’s t-test 
as a way of comparing the two dataset means before and after deicer application. Pavement 
surface temperature of the driving lane prior to deicer application was not collected as this was 
deiced by UNH Buildings and Grounds and the actual time of deicer application was often 
unknown as a result.  
A Student’s t-test was used to analyze temperature uniformity of the parking stalls prior 
to deicer application to determine if any potential temperature bias was introduced. Results 
summarized in Figure 7 and Tables 2 and 3 suggest that there are no statistically significant 
differences between the test stalls, meaning that the stall temperatures were similar prior to 
deicer application. In this test, each deicer stall’s mean pavement temperature was compared and 
are represented in Figure 7 and Tables 2 and 3. Figure 7 displays the temperature results prior to 
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deicing as “Box and Whisker” plots. Table 2 displays the results as a “Connecting Letters 
Report” to examine potential differences among deicer stalls. Each stall exhibits an “A” 
indicating that there are no significant differences among stall temperatures prior to deicing. p-
values for each stall pavement temperature comparisons are represented in Table 3, in the last 
column to the right. p-values that are less than or equal to 0.05 are considered to be significant. 
The p-values in this dataset are all greater than 0.05, indicating that there are no significant 
temperature differences among the parking stalls prior to deicer application. Therefore, it can be 
concluded that potential temperature bias has not been introduced into this dataset prior to deicer 
application. 
Figure 7: Box and Whisker Plot - Pavement Surface Temperature Prior to Deicer 
Application 
 = mean 
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Table 2: Connecting Letters Report - Pavement Surface Temperature Prior to Deicer 
Application 
Table 3: p-Values for Means Comparisons using Student's t-test – Pavement Surface 
Temperature Prior to Deicer Application 
Temperature uniformity was confirmed using a Student’s t-test prior to deicer application 
(as explained above), and as a result, a second Student’s t-test was conducted on the data 
collected after deicer application in order to compare the before and then the after temperatures 
of each parking stall. Assuming each parking stall began at the same temperature prior to deicer 
application (as confirmed in Figure 7, and Tables 2 and 3), the stall temperatures could be 
measured after deicer application and be compared to one another in order to determine which 
contained less overall snow and ice. A student’s t-test was used to compare the temperature of 
the stalls after deicer application, and each stall’s pavement temperature mean was compared to 
one another and is visually represented in Figure 8 and Tables 4 and 5. Figure 8 displays the 
temperature results after deicing as “Box and Whisker Plots”. Table 4 displays a “Connecting 
Letters Report” to examine potential differences among deicer stalls. There are three different 
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combinations of letters in these results indicating that there are three different means that show 
differences from one another. p-values for each stall pavement temperature comparison is 
represented in Table 5, in the last column to the right. p-values that are less than or equal to 0.05 
are considered to be significantly different from another mean that is being compared.  
By examining results presented in Figure 8 and Tables 4 and 5, it can be concluded that 
the warmest parking stall contained the Beet and Water deicer, followed by Beet and Brine, 
Control 1 (PA No Salt), Potassium Acetate, and Control 3 (DMA No Salt). The order in which 
the stalls were arranged from warmest to coldest was linear (Figure 3), and could indicate an 
uneven temperature distribution as the time elapsed after the deicers were applied (or in the case 
of the controls no deicers were applied). A final conclusion to this temperature data is that the 
warmest measured stalls contained the beet deicers and this could be because these deicers were 
darker in color compared to the Potassium Acetate or the controls (where no deicers were 
applied). The darkest colored deicer was the Beet and Water deicer which also contained the 
warmest pavement surface temperatures. Based on these results, no conclusions can be drawn as 
to which deicer may be most effective due to the distinctive temperature trend apparent after 
deicers were applied, however this does provide insight into how these temperatures may affect 
the skid tester results.  
All liquid deicers were stored indoors at constant temperatures between 60° and 70° 
Fahrenheit when not in use. Before testing they were transported in a vehicle to the study area 
from the stored location and applied directly. It can be assumed that all liquid deicers were 
applied at the same temperature.  
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Figure 8: Box and Whisker Plot - Pavement Surface Temperature after Deicer 
Application and Prior to Skid Test 
Table 4: Connecting Letters Report - Pavement Surface Temperature after Deicer 
Application and Prior to Skid Test 
Table 5: p-Values for Means Comparisons using Student's t-test – Pavement Surface 
Temperature Prior to Skid Testing 
 = mean 
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Snow/Ice Surface Cover Analysis 
Snow, compacted snow, slush and ice cover (snow/ice cover) on deicer stalls were 
examined and quantified in this study in order to determine deicer effectiveness. After snow 
plowing during storm events and prior to deicer application and skid testing, a visual 
examination of surface cover (type and amount) was performed for each parking stall to ensure 
uniform conditions among treatment stalls in the study area.  Snow /ice cover was measured after 
deicers were applied (immediately prior to skid testing). The percentage of each grid covered by 
snow/ice was estimated as a function of total area. Detailed surface cover data is contained in 
Appendix C. A Student’s t-test was completed in order to examine snow and ice cover 
percentage for each deicer and control stall.   Figure 9 displays the snow/ice cover results after 
deicing as “Box and Whisker” plots. Table 6 displays a “Connecting Letters Report” to examine 
potential differences in snow/ice cover among deicer stalls. There are three different 
combinations of letters in these results indicating that there are three different means that indicate 
differences from one another. p-values for the snow/ice cover in each stall are represented in 
Table 7, in the last column to the right. p-values that are less than or equal to 0.05 are considered 
to be significantly different from another mean that is being compared.   
By examining results presented in Figure 9 and Tables 6 and 7, it can be concluded that 
the surface containing the least amount of snow and ice was Control 3 – Salt (DMA). Potassium 
Acetate, Beet and Brine, and Beet and Water deicers collectively contained the second lowest 
snow/ice cover percentages. The surfaces containing the highest percentages of snow/ice cover 
were the controls that received no salt: Controls 1 and 2, PA - No Salt and DMA - No Salt, 
respectively. It appears that the rock salt deicer on the DMA is the most effective at removing 
snow/ice during this analysis, and that the liquid deicers applied on PA were more effective than 
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not using deicers on PA, as well as compared to untreated DMA. It is important to note that 
Control 3 – Salt (DMA) was located in the travel lane of a higher-trafficked part of the West 
Edge parking lot, and that could contribute to the apparent effectiveness of this deicer.  
Figure 9: Box and Whisker Plot – Comparison of Snow/Ice Cover Percentage After Deicing 
Table 6: Connecting Letters Report – Comparison of Snow/Ice Cover Percentage After 
Deicing 
 = mean 
N=28 
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Table 7: p-Values for Means Comparisons using Student's t-test – Comparison of Snow/Ice 
Cover Percentage After Deicing 
Frictional Properties of Pavement Surfaces 
Frictional measurements after storm events on PA and DMA asphalt were recorded using 
a British Pendulum Skid Tester for six types of surface conditions: dry, wet, snow, compacted 
snow, slush, and ice.  A Student’s t-test was used to compare the mean skid resistance values 
associated with surface cover types. In order to complete this type of comparison, the surface 
cover percentages needed to be converted first into a weighted BPN. A weighted BPN was 
calculated by multiplying the average BPN by each cover type percentage (cover types were 
recorded in tenths) to get a weighted BPN for each cover type, which is multiplied by the 
percentage of each stall that that cover type is comprised of. The overall weighted BPN is 
calculated then by combining the weighted BPNs for each surface cover type and averaging them 
together. For example, if the average BPN for compacted snow for one test is 53 and the surface 
cover of compacted snow for that stall is 90 percent, then 53 is multiplied by 0.90 in order to get 
a weighted BPN for compacted snow for that test, to obtain a 47.7. The same process for the 
other surface cover type (10%) for that stall is then calculated, and the numbers are averaged 
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together to get an overall weighted BPN for the entire surface of the parking stall, which in this 
case is for compacted snow. The purpose of calculating the weighted skid resistance value was to 
obtain a skid resistance number (BPN) that is representative of the entire treatment stall, not just 
the surface that the skid tester is placed on. By finding a weighted BPN it is similar to scaling up 
the skid tester surface area to get a more representative sample rather than only the small area 
within each grid that the skid tester is placed directly on. This process was repeated for each 
storm event through two winters’ (most events included one to two evaluations) and statistically 
compared for the two pavement types and three applied deicers.   
Various Winter Surface Conditions 
The Student’s t-test was used to compare the weighted BPN means for each surface cover 
type to one another and is visually represented in Figure 10 and Tables 8 and 9. Figure 10 
displays the weighted BPN for each surface cover type as “Box and Whisker” plots. Table 8 
displays a “Connecting Letters Report” to examine potential differences among surface cover 
type-weighted BPNs. There are eight different letter combinations between the surface cover 
weighted BPNs, indicating that several are significantly different from one another. Pairwise 
comparisons can be further examined in Table 9 using the p-values, in the last column to the 
right. p-values that are less than or equal to 0.05 are considered to be significantly different from 
another mean that is being compared.  
By examining results presented in Figure 10 and Tables 8 and 9, it can be concluded that 
there were significant differences among the weighted BPN surface cover types. It is important 
to note that during this study there were certain surface conditions observed quite often (Wet PA) 
and surface types that were observed very rarely (Dry PA), which could explain why the results 
displayed in Figure 10 are not as conclusive as one would expect. The differing widths of the 
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Box and Whisker plots represent the total sample size or “n.” The conditions that were observed 
more frequently were Wet PA which explains why the width of the box and whiskers is larger 
than that of Dry PA which was only observed once. The Connecting Letters Report indicates 
results that one would expect, indicating that the wet and dry pavements have higher frictional 
resistance than surfaces containing slush, snow, ice, and compacted snow. The Connecting 
Letters Report shows that Wet PA is nearly identical to Dry DMA, but has more frictional 
resistance than what could be expected on Wet DMA. Though not distinctly different, the 
Connecting Letters Report contained in Table 8 shows that slush, snow, compacted snow, and 
ice are not distinctly different based on which surface (DMA or PA) they are found on.  Lastly, 
in Table 9 due to limited data, the p-values for Dry PA are similar to p-values found on snow-
covered DMA. This could be due to several factors including the fact that only a few data points 
were collected in instances where there was dry PA during the storm events (it was almost 
always found caked in snow, ice, or wet). Another factor that should be considered is that snow 
can exhibit relatively high frictional resistance until it is compacted, especially if it is of a dry, 
fluffy consistency. 
Figure 10: Box and Whisker Plot – Weighted Skid Resistance (BPN) for Various Winter Surface Conditions 
 = mean 




Table 8: Connecting Letters Report – Weighted Skid Resistance (BPN) for Various Winter 
Surface Conditions 
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The Student’s t-test was used to compare the weighted BPN means for each parking stall 
to one another and are visually represented in Figure 11 and Tables 10 and 11. Figure 11 displays 
the weighted BPN for each surface cover type as “Box and Whisker” plots. Table 10 displays a 
“Connecting Letters Report” to examine potential differences among surface cover type-
weighted BPNs. There are eight different letter combinations between the surface cover 
weighted BPNs, indicating that several are significantly different from one another. Pairwise 
comparisons may be further examined in Table 11 using the p-values, in the last column to the 
right. p-values that are less than or equal to 0.05 indicate a statistically significant difference in 
means.  
The Box and Whisker plot in Figure 11 and the Connecting Letters Report in Table 10 
presents the Student’s t-test results for the weighted skid resistance for post-deicer treatments in 
each stall and driving lane. The Connecting Letter Report displays the data as four different 
levels, with levels containing different letters as significantly different from each other. The 
driving lane Control 3 – Salt (DMA) exhibited the highest weighted surface friction as a result of 
the rock salt deicer that was applied. This served as a control with which to numerically compare 
the liquid deicers on porous asphalt. The Beet and Brine (PA), Beet and Water (PA), and 
Potassium Acetate (PA) were not significantly different than the Control 3 – Salt (DMA), which 
lends to the conclusion that deicers applied to porous asphalt are nearly as effective as deicers 
applied to dense mix asphalt. In contrast, no deicer applied to porous asphalt (Control 1 – PA No 
Salt) is significantly different than no deicer applied to dense mix asphalt (Control 2 – DMA No 
Salt). Further, no deicer applied to porous asphalt (Control 1 – PA No Salt) is significantly 
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different than a deicer applied to dense mix asphalt Control 3 - DMA Salt, but not significantly 
different than deicers applied to porous asphalt.  
These comparisons are further confirmed by examining the p-values contained in Table 
11, where pairwise comparisons show that unsalted DMA is significantly different from salted 
DMA. In addition, Beet and Brine, Beet and Water, and Potassium Acetate all applied on PA are 
significantly different from untreated DMA. Less, but still significantly different from untreated 
DMA is the untreated PA.  
Figure 11: Box and Whisker Plot - Weighted Skid Resistance (BPN) Post Deicer 
Treatments 
 = mean 
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Table 10: Connecting Letters Report - Weighted Skid Resistance (BPN) Post Deicer 
Treatments 
Table 11: p-Values for Means Comparisons using Student's t-test - Weighted Skid 
Resistance (BPN) Post Deicer Treatments 
Figure 12 and Tables 12 and 13 represent data collected during late spring of 2013 during 
dry conditions in order to examine potential study area pavement surface variation during both 
dry and wet conditions (wet conditions were mimicked by applying a fixed amount of water to 
each surface using a spray bottle). The goal of this test was to examine potential variation with 
respect to surface friction between the surfaces while clear of snow and ice and deicers. Surface 
friction variation between pavement types during both wet and dry conditions were measured 
using a British Pendulum Skid Tester.  
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Surface friction data for dry conditions was examined using a Student’s t-test (Figure 12), 
and used to compare the surfaces among the test stalls and travel lane. Variation among the test 
stalls and travel lane can be observed in the Box and Whisker plot displayed as Figure 12. Under 
dry conditions the two dense mix asphalt surfaces had varying surface friction numbers.  
Dry Pavement Surface Friction 
Table 12 displays a “Connecting Letters Report” which contains three different 
combinations of letters indicating that there are three distinct groups of means that are 
significantly different from one another during dry conditions. Using this report, it is apparent 
that the surfaces that are most alike and exhibiting the highest surface friction are the Beet and 
Water (PA), Potassium Acetate (PA), and Control 1- No Salt (PA). Surfaces exhibiting the 
second highest friction were the Beet and Brine (PA) and Control 3 – Salt (DMA-Driving Lane). 
The surface exhibiting the lowest surface friction under dry conditions was the Control 2 – No 
Salt (DMA).  
p-values for this dataset are displayed in Table 13, in the last column to the right. p-
values that are less than or equal to 0.05 are considered to be significantly different from another 
mean that is being compared. The p-values compare each stall pairwise in order to examine 
significance, and portray a numeric value for the results displayed in the Connecting Letters 
Report.  
Under dry conditions, it was hypothesized that all porous asphalt stalls would exhibit 
higher surface friction than the dense mix asphalt stalls, but in these results this was not the case. 
A possibility for why the dense mix asphalt surfaces varied so much could be that the Control 2 – 
No Salt DMA surface was seal-coated and the resulting surface was smoother than Control 3 – 
Salt DMA which received more vehicular and foot travel and also was an older pavement that 
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was replaced the following year in 2014. As a result, the “rougher” surface of the DMA in the 
travel lane made it behave more like porous asphalt, exhibiting more surface friction than the 
smoother dense mix asphalt that was recently seal-coated a year prior to when this study began in 
2011.  
Figure 12: Box and Whisker Plot - Dry Pavement Surface Friction 
Table 12: Connecting Letters Report – Dry Pavement Surface Friction 
 = mean 
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Table 13: p-Values for Means Comparisons using Student’s t-test – Dry Pavement Surface 
Friction 
Wet Pavement Surface Friction 
Figure 13 and Tables 14 and 15 represent data collected during late spring of 2013 during 
wet conditions. Table 14 displays a “Connecting Letters Report” which contains six different 
combinations of letters. Using this report, it is apparent that the surface exhibiting the highest 
surface friction was the Control 3 – Salt (DMA) surface. Second was the Beet and Water, which 
contained both an “A” and “B” indicating that it was not significantly different from the Control 
3 – Salt (DMA) because it contains one letter in common. The results in the dry test were similar, 
but instead these were in the same group, and considered to have nearly identical surface friction. 
Third was the Potassium Acetate stall, followed by the Control 1 – No Salt (PA), Beet and Brine 
(PA) and lastly Control 2 – No Salt (DMA).  
p-values for this dataset are displayed in Table 15, in the last column to the right. P-
values that are less than or equal to 0.05 are considered to be significantly difference from 
another mean that is being compared. The p-values compare each stall pairwise in order to 
examine significance, and portray a numeric value for the results displayed in the Connecting 
Letters Report.  
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Under wet conditions, it was hypothesized that all porous asphalt stalls would exhibit 
higher surface friction than the dense mix asphalt stalls, but in these results this was not the case. 
When wet, the Control 3 – Salt (DMA) exhibited the highest surface friction, and the Control 2 – 
No Salt DMA exhibited the lowest surface friction, which was not what was hypothesized. Other 
than the Control 3 surface friction increase relative to the other stalls during wet conditions, 
results are similar to the dry pavement results, only all of the resulting BPN’s are lower, as a 
result of the wet surface, and therefore all exhibit lower surface friction. A possible explanation 
for Control 3 – Salt (DMA) exhibiting the highest surface friction during this test could be that it 
was the only test on a travel lane, and the travel lane typically received the most traffic and 
therefore the most wear. Another possibility could be that this pavement was in the worst 
condition as compared to the others, indicating the need to be replaced, which could explain the 
increased surface friction exhibited on the worn surface. The last possibility is that the travel lane 
DMA surface had a smaller sample size than that of the parking stall tests, and that could be 
attributing to skewed data (4 tests vs. 20 tests).  
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Figure 13: Box and Whisker Plot - Wet Pavement Surface Friction 
Table 14: Connecting Letters Report – Wet Pavement Surface Friction 
 = mean 
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Table 15: p-Values for Means Comparisons using Student’s t-test - Wet Pavement Surface 
Friction 
Normalized 
Figure 14 and Tables 16 and 17 represent data collected during late spring of 2013 that 
was normalized to represent both the dry and wet conditions on the same figure. The 
normalization caused the numbers to become negative and were calculated by finding the 
average dry BPN and subtracting each wet BPN from it in order to obtain a normalized or 
weighted BPN. A t-test was then used to compare the means of each stall. In this case the less 
negative the higher the surface friction under both wet and dry conditions. Table 16 displays a 
“Connecting Letters Report” which contains four different combinations of letters. Using this 
report, it is apparent that the surface exhibiting the highest surface friction was the Control 3 – 
Salt (DMA) surface with a letter “A”. Second was Control 2 – No Salt (DMA) and Beet and 
Water (PA) both with letter ‘B” and significantly different from Control 3 – Salt (DMA). Third 
was Potassium Acetate (PA) and Beet and Brine (PA) both with letters “BC”, indicating that they 
are not significantly different from those containing either a “B” or a “C”. Last was Control 1 – 
No Salt (PA) which contained a letter “C and was significantly different from all the other levels 
and contained the least amount of surface friction under both wet and dry conditions.   
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p-values for this dataset are displayed in Table 15, in the last column to the right. P-
values that are less than or equal to 0.05 are considered significantly different from another. The 
p-values serve as a basis in which to compare each stall’s mean to examine statistical
significance and provide a numeric value for the results displayed in the Connecting Letters 
Report.  
  Figure 14: Box and Whisker Plot - Normalized Pavement Surface Friction 
 = mean 
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Table 16: Connecting Letters Report – Normalized Pavement Surface Friction 
Table 17: p-Values for Means Comparisons using Student’s t-test - Normalized Pavement 
Surface Friction 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 
Porous asphalt is advantageous when considered as an effective stormwater management 
option, and also from a water quality perspective. However, in winter climates traditional rock 
salt deicing practices may be suspect. The reason for this is how rock salt functions to melt ice 
combined with the inherent properties of the porous asphalt mix, causing it to behave 
hydrologically very differently from traditional asphalt. Porous asphalt is designed with pore 
spaces for water to pass through it where traditional dense mix asphalt is designed to prevent 
water from passing through it, and instead it travels along the surface. This study confirmed that 
liquid deicers (containing both chloride and non-chloride) applied on porous asphalt are as 
effective as using rock salt as a deicer on dense mix asphalt.   
Hypotheses presented in the Introduction were as follows: untreated DMA was 
significantly different from treated DMA; PA treated with liquid deicers would behave similarly 
to rock salt on dense mix asphalt; and lastly, untreated DMA would contain the least amount of 
surface friction under most conditions.  
The results of this study met expectations as most of the hypotheses have proven to be 
true. The controls in this study were effective as they functioned how they were designed and 
provided demonstrable results for measured surface friction. When considering the methods of 
measurement, the overall best deicers on porous asphalt in this study were the Potassium 
Acetate, Beet and Brine, and Beet and Water deicers. The Potassium Acetate deicer and the Beet 
and Water deicer contained no chlorides. The Beet and Brine deicer contained chlorides, but 
were reduced to 80 percent by volume by the addition of beet molasses (20 percent by volume).  
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This study also demonstrated that deiced dense mix asphalt contained higher surface 
friction than non-deiced dense mix asphalt under dry conditions, but was not true under wet 
conditions.   
It can be concluded that based on the results of this study, reduced chloride or non-
chloride deicers applied on porous asphalt may be used to effectively control snow and ice from 
porous asphalt surfaces in the manner expected of rock salt on traditional impervious surfaces. In 
addition, deicers tested were most effective when applied during the daytime with either a high 
solar influence or near or above-freezing temperatures. Lastly, each of the three applied deicers 
did not produce results that varied greatly from one-another and each proved to be effective 
under a variety of storms as compared to untreated porous asphalt when applied at their 
manufacturer recommended average application rate.  
Recommendations for Future Research 
1. Suggestion for a follow-up study using the same deicers on porous asphalt with controls
and use the deicers as prewetting or anticing instead of just deicing. Product
manufacturers suggest they be used on impermeable surfaces as prewetting agents
(though they also claim that they may be effective deicers as well).
2. Obtain more control over all aspects of the study including Control 3 - DMA Salt . This
was a variable in which there was little control over the treatment, and it could have
impacted the results.
3. When possible, begin the study with all deicers and increase sample sizes (over more
than one year).
4. Extend the study to include other potential non-chloride liquid deicers to test their
performance.
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5. Include pavement surface temperature control stalls to measure temperature distribution
throughout the day on stalls not containing deicers (only snow plowing).
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Per gallon or ton 55 6.12 1.43 1.79 
Recommended Application 
Rate (gallons/tons per lane 
mile) 
0.244 95 40 40 
Total Cost Per Lane Mile $13.42 $581.64 $57.20 $71.60 
Table 18: Analysis of Project Costs 
1. CF7 - Recommended Application Rate: 1 - 3 gallons per 1,000 square feet.
Therefore, 2 gallons per 1,000 square feet will be used.
2. Ice Bite application rate is 40 gallons per lane mile.
3. See application spreadsheet from UNH t2 in Appendix. 48
4. 8 lbs/lane mile is the average
of the application amounts.
5. One lane mile – assumption used is that it would be a 9ft lane width (AASHTO).
Therefore, the square footage in one lane mile is equal to:
47,520 sq. ft (or 9ft x 5280 ft) (or half of the road).
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DEICER APPLICATION CALCULATIONS 
Recommended deicer application rates for normal conditions were given for each deicer 
(Potassium Acetate and Beet and Brine). The recommended application rates were given as a 
fixed amount per lane miles or square footage, and in each case they needed to be scaled down to 
the study area. Beet and Water did not come with a recommended application rate because it was 
a mixture that was not created by the manufacturer, so the recommended application rate for 
Beet and Brine was used for consistency.   
The recommended application rate for Beet and Brine was 40 gallons per lane mile. In 
the spreadsheet that follows, an AASHTO land width was assumed, in which the minimum lane 
was 9 feet, and that was used in order to calculate the approximate square footage in a lane mile. 
This was then scaled down to compare it to the parking stall area to obtain a ratio. Once the ratio 
was determined, the 0.11 gallon application rate for each parking stall was obtained. The same 
application amount was used for the Beet and Water mixture.  
The recommended application rate for Potassium Acetate was 1-3 gallons per 1,000 
square feet. 2 gallons per 1,000 square feet was used as it was the midpoint of the recommended 
amount. This application rate was then scaled down to the average parking stall area to obtain a 
recommended 0.25 gallons per parking stall application rate.  
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SF = Square feet
Manufacturer Recommended Road 
Application = 1-3 gal per 1000 SF
Mid-range Application Amount Selected = 2 gal/1000 SF
Parking Stall Area = 0.128 SF
2gal*0.128= 0.256
gallons
Sprayer = 2 gal capacity
Graduated at (gal): 
Recommended Application Rate=  0.25 gal per 128 SF
1, 0.5, 0.25, 0.125
Potassium Acetate Recommended Application Rate Scaled to Parking Stall Area
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Manufacturer Recommended 
Road Application= 40 gal
Recommended Parking Stall 
Application (Scaled down)= 0.11 Gal
1 lane mile = 5280 ft 1 parking stall length = 16 ft (long)
1 lane width (average)*= ft 1 parking stall width = 8 ft (wide)
9 Parking Stall Area= 128 ft^2
1 lane width*1 lane mile = 47520 ft^2
*Typical highway width 
(according to AASHTO 
Standards) =
12 ft
Local road width* (according to 





Sprayer = 2 gal capacity
Graduated at (gal): 




Smallest Reasonable Application Rate Per Stall = 




Beet and Brine Recommended Application Rate Scaled to Parking Stall Area
1, 0.5, 0.25, 0.125
 Lane Mile Square Footage Calculation Parking Stall Square Footage Calculation





WINTER STORM EVENT CHARACTERISTICS 
Weather information for each winter storm in which data was collected and recorded 
during each field event. Additional weather information was downloaded from NCDC and is 
contained in the following spreadsheets. The columns from left to right contain: the date, total 
amount of precipitation for the day (NCDC), total amount of snowfall for the day (NCDC), 
maximum recorded daily temperature (NCDC), minimum recorded daily temperature (NCDC), 
average recorded daily temperature (NCDC), Temperature at time of measurement, Time when 
measurement, weather at time of measurement, solar effect (ie: night, sunny, overcast). The rows 
in the spreadsheet represent each winter storm event that was measured and included as part of 
this study.    
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Solar* (added by 




12/1/2012 0 1 No data No data 28 28 18:15 Night
NCDC Website is 
missing data for this 
weather event. Night 
test. 
12/28/2012 10.906 32.0 24.1 28.0 31 12:45 Sunny, clear, windy Sunny, clear
12/30/2012 0.252 2.913 No data No data No data 26 13:15 Windy Sunny, clear
NCDC website is 
missing air temperature 
data for this event.
2/8/2013 0.331 2.795 24.1 12.9 18.5 -- -- -- -- No test today
2/9/2013 2.091 17.717 21.9 12.9 17.4 -- -- -- -- No test today
2/10/2013 0.000 0.000 35.1 -5.1 15.0 26 12:00 Sunny, clear Sunny, clear
Overnight storm, see  
2/8/2013 and 2/9/2013 
for snow depth. 
2/10/2013 0.000 0.000 35.1 -5.1 36 14:00 Sun beginning to set
late 
afternoon/evening
Overnight storm, see  
2/8/2013 and 2/9/2013 
for snow depth. Temp 
taken before sunset - 
dropped overnight and 
during the test on 
duplicate side. 
2/25/2013 0.161 0.000 39.0 27.0 33.0 31 9:30
Partly cloudy, 
giving way to 
sun
Partly cloudy, giving 
way to sun
Rapid melt due to 
sun/rising temps
3/20/2013 9.213 37.0 21.9 29.5 30 10:15
Overcast, 
giving way to 
sun
Overcast, giving 
way to sun Day test. Duplicate side 
3/20/2013 28 22:00 Dark/overnight Dark
Night test. Non-duplicate 
side tested. Deicer 
applied at 21:00. Stalls 
extended out to travel 
lane (twice). Maybe 
accidental ice bite was 
tested twice more than 
Ice Bite. Completed 
testing at 11:00 pm
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Solar* (added by 




3/21/2013 0.000 0.000 39.9 12.0 26.0 36 10:38 Sunny, clear
One more test for 
this event during 
day. Overnight clear 
morning test, sunny, 
35-37 degrees.
No snow overnight and 
no deicer applied - just 
testing extended 
performace for the 
deicers. Could still smell 
all deicers strongly when 
testing. Same as above - 




SURFACE COVER DATA 
British Pendulum Number (BPN) and surface cover data collected for each storm event is 
contained in the spreadsheets that follows: The columns from left to right are: test stall location, 
grid number that was tested within each stall, date of the storm event, snow/ice cover percentage 
of each grid within each stall, the type of surface tested (PA or DMA and if the surface is wet, 
ice, snow, slush, compacted snow (CS), or dry), the percentage (in tenths and decimal form) of 
each cover type found on each grid tested within each stall, the average of the BPN for each grid 
(there were a total of 4 swings of the pendulum tester for each grid), the weighted BPN for each 
cover type (calculated by multiplying the average BPN for each grid by each cover type in 
decimal form), and finally the weighted BPM which is an average of each surface cover 



























1 - Potassium Acetate 1 1/29/2013 0 WET-PA 0 0 0 0 0 1 97 0 0 0 0 0 97 19.4
1 - Potassium Acetate 6 0 WET-PA 0 0 0 0 0 1 87 0 0 0 0 0 87 17.4
1 - Potassium Acetate 8 0 WET-PA 0 0 0 0 0 1 83 0 0 0 0 0 83 16.6
1 - Potassium Acetate 3 0 WET-PA 0 0 0 0 0 1 100 0 0 0 0 0 100 20
Control 1 - PA No Salt 5 0 WET-PA 0 0 0 0 0 1 92 0 0 0 0 0 92 18.4
Control 1 - PA No Salt 4 0 WET-PA 0 0 0 0 0 1 86 0 0 0 0 0 86 17.2
Control 1 - PA No Salt 1 0 WET-PA 0 0 0 0 0 1 100 0 0 0 0 0 100 20
Control 1 - PA No Salt 3 0 WET-PA 0 0 0 0 0 1 85 0 0 0 0 0 85 17
3 - Beet and Brine 6 0 WET-PA 0 0 0 0 0 1 84 0 0 0 0 0 84 16.8
3 - Beet and Brine 2 0 WET-PA 0 0 0 0 0 1 100 0 0 0 0 0 100 20
3 - Beet and Brine 4 0 WET-PA 0 0 0 0 0 1 85 0 0 0 0 0 85 17
3 - Beet and Brine 1 0 WET-PA 0 0 0 0 0 1 90 0 0 0 0 0 90 18
4 - Beet and Water 5 0 WET-PA 0 0 0 0 0 1 85 0 0 0 0 0 85 17
4 - Beet and Water 8 0 WET-PA 0 0 0 0 0 1 88 0 0 0 0 0 88 17.6
4 - Beet and Water 3 0 WET-PA 0 0 0 0 0 1 90 0 0 0 0 0 90 18
4 - Beet and Water 7 0 WET-PA 0 0 0 0 0 1 95 0 0 0 0 0 95 19
Control 2 - DMA No Salt 7 0 WET-DMA 0 0 0 0 0 1 75 0 0 0 0 0 75 15
Control 2 - DMA No Salt 2 0 WET-DMA 0 0 0 0 0 1 67 0 0 0 0 0 67 13.4
Control 2 - DMA No Salt 4 0 WET-DMA 0 0 0 0 0 1 72 0 0 0 0 0 72 14.4
Control 2 - DMA No Salt 5 0 WET-DMA 0 0 0 0 0 1 65 0 0 0 0 0 65 13
Control 3 - DMA Salt 1 0 DRY-DMA 0 0 0 0 1 0 87 0 0 0 0 87 0 17.4
Control 3 - DMA Salt 2 0 DRY-DMA 0 0 0 0 1 0 84 0 0 0 0 84 0 16.8
Control 3 - DMA Salt 3 0 WET-DMA 0 0 0 0 0 1 82 0 0 0 0 0 82 16.4
Control 3 - DMA Salt 4 0 DRY-DMA 0 0 0 0 1 0 90 0 0 0 0 90 0 18
1 - Potassium Acetate 4 2/10/2013 0 WET-PA 0 0 0 0 0 1 76 0 0 0 0 0 76 15.2
1 - Potassium Acetate 1 0 WET-PA 0 0 0 0 0 1 73 0 0 0 0 0 73 14.6
1 - Potassium Acetate 8 10 WET-PA 0 0.1 0 0 0 0.9 83 0 8.3 0 0 0 74.7 16.6
1 - Potassium Acetate 5 0 WET-PA 0 0 0 0 0 1 95 0 0 0 0 0 95 19
Control 1 - PA No Salt 3 80 CS-PA 0 0.8 0 0 0 0.2 51 0 40.8 0 0 0 10.2 10.2
Control 1 - PA No Salt 2 50 SLUSH-PA 0 0 0 0.5 0 0.5 50 0 0 0 25 0 25 10
Control 1 - PA No Salt 7 10 WET-PA 0 0 0.1 0 0 0.9 98 0 0 9.8 0 0 88.2 19.6
Control 1 - PA No Salt 6 100 CS-PA 0 1 0 0 0 0 54 0 54 0 0 0 0 10.8
3 - Beet and Brine 6 80 CS-PA 0 0.8 0 0 0 0.2 57 0 45.6 0 0 0 11.4 11.4
3 - Beet and Brine 1 0 WET-PA 0 0 0 0 0 1 74 0 0 0 0 0 74 14.8
3 - Beet and Brine 2 0 WET-PA 0 0 0 0 0 1 81 0 0 0 0 0 81 16.2
3 - Beet and Brine 8 0 WET-PA 0 0 0 0 0 1 102 0 0 0 0 0 102 20.4
4 - Beet and Water 4 0 WET-PA 0 0 0 0 0 1 80 0 0 0 0 0 80 16
4 - Beet and Water 7 0 WET-PA 0 0 0 0 0 1 96 0 0 0 0 0 96 19.2
4 - Beet and Water 3 0 WET-PA 0 0 0 0 0 1 87 0 0 0 0 0 87 17.4
4 - Beet and Water 5 40 SLUSH-PA 0 0.1 0 0.3 0 0.6 56 0 5.6 0 16.8 0 33.6 11.2
Control 2 - DMA No Salt 5 90 CS-DMA 0 0.9 0 0 0.1 0 51 0 45.9 0 0 5.1 0 10.2
Control 2 - DMA No Salt 2 50 SNOW-DM 0.5 0 0 0 0.5 0 42 21 0 0 0 21 0 8.4
Control 2 - DMA No Salt 4 50 SNOW-DM 0.5 0 0 0 0 0.5 42 21 0 0 0 0 21 8.4
Control 2 - DMA No Salt 1 90 SNOW-DM 0 0.9 0 0 0.1 0 44 0 39.6 0 0 4.4 0 8.8
Control 3 - DMA Salt 1 80 SLUSH-DM 0 0 0 0.8 0 0.2 56 0 0 0 44.8 0 11.2 11.2
Control 3 - DMA Salt 2 0 WET-DMA 0 0 0 0 0 1 91 0 0 0 0 0 91 18.2
Control 3 - DMA Salt 3 0 WET-DMA 0 0 0 0 0 1 79 0 0 0 0 0 79 15.8
Control 3 - DMA Salt 4 50 SLUSH-DM 0 0 0 0.5 0 0.5 78 0 0 0 39 0 39 15.6
1 - Potassium Acetate 7 2/10/2013 100 CS-PA 0 1 0 0 0 0 52 0 52 0 0 0 0 10.4
1 - Potassium Acetate 2 80 ICE-PA 0 0.4 0.4 0 0 0.2 57 0 22.8 22.8 0 0 11.4 11.4



























1 - Potassium Acetate 1 70 ICE-PA 0 0.1 0.6 0 0 0.3 50 0 5 30 0 0 15 10
Control 1 - PA No Salt 8 100 CS-PA 0 1 0 0 0 0 49 0 49 0 0 0 0 9.8
Control 1 - PA No Salt 3 100 ICE-PA 0 0.5 0.5 0 0 0 50 0 25 25 0 0 0 10
Control 1 - PA No Salt 5 100 CS-PA 0 1 0 0 0 0 56 0 56 0 0 0 0 11.2
Control 1 - PA No Salt 6 100 CS-PA 0 1 0 0 0 0 47 0 47 0 0 0 0 9.4
3 - Beet and Brine 4 100 ICE-PA 0 0.2 0.8 0 0 0 40 0 8 32 0 0 0 8
3 - Beet and Brine 5 100 CS-PA 0 1 0 0 0 0 55 0 55 0 0 0 0 11
3 - Beet and Brine 3 100 ICE-PA 0 0.5 0.5 0 0 0 38 0 19 19 0 0 0 7.6
3 - Beet and Brine 1 90 ICE-PA 0 0 0.9 0 0 0.1 72 0 0 64.8 0 0 7.2 14.4
4 - Beet and Water 8 90 CS-PA 0 0.8 0.1 0 0 0.1 52 0 41.6 5.2 0 0 5.2 10.4
4 - Beet and Water 7 100 CS-PA 0 1 0 0 0 0 45 0 45 0 0 0 0 9
4 - Beet and Water 2 70 ICE-PA 0 0 0.7 0 0 0.3 58 0 0 40.6 0 0 17.4 11.6
4 - Beet and Water 6 100 CS-PA 0 0.9 0.1 0 0 0 49 0 44.1 4.9 0 0 0 9.8
Control 2 - DMA No Salt 6 100 CS-DMA 0 1 0 0 0 0 45 0 45 0 0 0 0 9
Control 2 - DMA No Salt 4 100 CS-DMA 0 1 0 0 0 0 39 0 39 0 0 0 0 7.8
Control 2 - DMA No Salt 3 100 CS-DMA 0 1 0 0 0 0 43 0 43 0 0 0 0 8.6
Control 2 - DMA No Salt 1 90 CS-DMA 0 0.9 0 0 0.1 0 44 0 39.6 0 0 4.4 0 8.8
Control 3 - DMA Salt 1 100 ICE-DMA 0 0 1 0 0 0 51 0 0 51 0 0 0 10.2
Control 3 - DMA Salt 2 100 ICE-DMA 0 0 1 0 0 0 59 0 0 59 0 0 0 11.8
Control 3 - DMA Salt 3 100 ICE-DMA 0 0 1 0 0 0 72 0 0 72 0 0 0 14.4
Control 3 - DMA Salt 4 100 ICE-DMA 0 0 1 0 0 0 63 0 0 63 0 0 0 12.6
1 - Potassium Acetate 3 2/25/2013 10 WET-PA 0 0 0.1 0 0 0.9 89 0 0 8.9 0 0 80.1 17.8
1 - Potassium Acetate 6 20 WET-PA 0 0 0.2 0 0 0.8 61 0 0 12.2 0 0 48.8 12.2
1 - Potassium Acetate 2 50 WET-PA 0.5 0 0 0 0 0.5 82 41 0 0 0 0 41 16.4
1 - Potassium Acetate 6 50 WET-PA 0 0 0.5 0 0 0.5 78 0 0 39 0 0 39 15.6
Control 1 - PA No Salt 1 0 WET-PA 0 0 0 0 0 1 89 0 0 0 0 0 89 17.8
Control 1 - PA No Salt 3 0 WET-PA 0 0 0 0 0 1 89 0 0 0 0 0 89 17.8
Control 1 - PA No Salt 2 0 WET-PA 0 0 0 0 0 1 77 0 0 0 0 0 77 15.4
Control 1 - PA No Salt 5 50 WET-PA 0 0 0.5 0 0 0.5 85 0 0 42.5 0 0 42.5 17
3 - Beet and Brine 4 10 WET-PA 0 0 0.1 0 0 0.9 96 0 0 9.6 0 0 86.4 19.2
3 - Beet and Brine 7 50 WET-PA 0 0 0.5 0 0 0.5 95 0 0 47.5 0 0 47.5 19
3 - Beet and Brine 8 0 WET-PA 0 0 0 0 0 1 94 0 0 0 0 0 94 18.8
3 - Beet and Brine 2 20 ICE-PA 0 0 0.2 0 0 0.8 70 0 0 14 0 0 56 14
4 - Beet and Water 8 0 WET-PA 0 0 0 0 0 1 80 0 0 0 0 0 80 16
4 - Beet and Water 7 0 WET-PA 0 0 0 0 0 1 93 0 0 0 0 0 93 18.6
4 - Beet and Water 4 0 WET-PA 0 0 0 0 0 1 75 0 0 0 0 0 75 15
4 - Beet and Water 6 0 WET-PA 0 0 0 0 0 1 86 0 0 0 0 0 86 17.2
Control 2 - DMA No Salt 1 10 SLUSH-DM 0 0 0 0.1 0 0.9 58 0 0 0 5.8 0 52.2 11.6
Control 2 - DMA No Salt 3 0 WET-DMA 0 0 0 0 0 1 88 0 0 0 0 0 88 17.6
Control 2 - DMA No Salt 5 0 WET-DMA 0 0 0 0 0 1 75 0 0 0 0 0 75 15
Control 2 - DMA No Salt 4 0 WET-DMA 0 0 0 0 0 1 77 0 0 0 0 0 77 15.4
Control 3 - DMA Salt 1 0 WET-DMA 0 0 0 0 0 1 92 0 0 0 0 0 92 18.4
Control 3 - DMA Salt 2 0 WET-DMA 0 0 0 0 0 1 89 0 0 0 0 0 89 17.8
Control 3 - DMA Salt 3 0 WET-DMA 0 0 0 0 0 1 78 0 0 0 0 0 78 15.6
Control 3 - DMA Salt 4 0 WET-DMA 0 0 0 0 0 1 82 0 0 0 0 0 82 16.4
1 - Potassium Acetate 8 3/20/2013 0 WET-PA 0 0 0 0 0 1 89 0 0 0 0 0 89 17.8
1 - Potassium Acetate 2 50 WET-PA 0 0 0.5 0 0 0.5 61 0 0 30.5 0 0 30.5 12.2
1 - Potassium Acetate 7 0 WET-PA 0 0 0 0 0 1 82 0 0 0 0 0 82 16.4
1 - Potassium Acetate 5 60 ICE-PA 0 0 0.6 0 0 0.4 78 0 0 46.8 0 0 31.2 15.6
Control 1 - PA No Salt 1 50 WET-PA 0 0 0.5 0 0 0.5 89 0 0 44.5 0 0 44.5 17.8



























Control 1 - PA No Salt 4 60 ICE-PA 0 0 0.6 0 0 0.4 77 0 0 46.2 0 0 30.8 15.4
Control 1 - PA No Salt 3 70 ICE-PA 0 0 0.7 0 0 0.3 85 0 0 59.5 0 0 25.5 17
3 - Beet and Brine 7 0 WET-PA 0 0 0 0 0 1 96 0 0 0 0 0 96 19.2
3 - Beet and Brine 1 0 WET-PA 0 0 0 0 0 1 95 0 0 0 0 0 95 19
3 - Beet and Brine 6 0 WET-PA 0 0 0 0 0 1 94 0 0 0 0 0 94 18.8
3 - Beet and Brine 2 0 WET-PA 0 0 0 0 0 1 70 0 0 0 0 0 70 14
4 - Beet and Water 3 10 ICE-PA 0 0 0.1 0 0 0.9 80 0 0 8 0 0 72 16
4 - Beet and Water 4 50 WET-PA 0 0 0.5 0 0 0.5 93 0 0 46.5 0 0 46.5 18.6
4 - Beet and Water 8 0 WET-PA 0 0 0 0 0 1 75 0 0 0 0 0 75 15
4 - Beet and Water 5 50 WET-PA 0 0 0.5 0 0 0.5 86 0 0 43 0 0 43 17.2
Control 2 - DMA No Salt 6 50 WET-DMA 0 0 0.5 0 0 0.5 58 0 0 29 0 0 29 11.6
Control 2 - DMA No Salt 5 60 ICE-DMA 0 0 0.6 0 0 0.4 88 0 0 52.8 0 0 35.2 17.6
Control 2 - DMA No Salt 8 30 ICE-DMA 0 0 0.3 0 0 0.7 75 0 0 22.5 0 0 52.5 15
Control 2 - DMA No Salt 7 50 WET-DMA 0 0 0.5 0 0 0.5 77 0 0 38.5 0 0 38.5 15.4
Control 3 - DMA Salt 1 0 WET-DMA 0 0 0 0 0 1 92 0 0 0 0 0 92 18.4
Control 3 - DMA Salt 2 0 WET-DMA 0 0 0 0 0 1 89 0 0 0 0 0 89 17.8
Control 3 - DMA Salt 3 0 WET-DMA 0 0 0 0 0 1 78 0 0 0 0 0 78 15.6
Control 3 - DMA Salt 4 0 WET-DMA 0 0 0 0 0 1 82 0 0 0 0 0 82 16.4
1 - Potassium Acetate 4 3/20/2013 100 ICE-PA 0 0.1 0.9 0 0 0 58 0 5.8 52.2 0 0 0 11.6
1 - Potassium Acetate 5 100 ICE-PA 0 0 1 0 0 0 63 0 0 63 0 0 0 12.6
1 - Potassium Acetate 6 100 ICE-PA 0 0.3 0.7 0 0 0 51 0 15.3 35.7 0 0 0 10.2
1 - Potassium Acetate 1 100 ICE-PA 0 0 1 0 0 0 55 0 0 55 0 0 0 11
Control 1 - PA No Salt 2 100 ICE-PA 0 0.2 0.8 0 0 0 49 0 9.8 39.2 0 0 0 9.8
Control 1 - PA No Salt 8 100 ICE-PA 0 0.3 0.7 0 0 0 55 0 16.5 38.5 0 0 0 11
Control 1 - PA No Salt 3 100 ICE-PA 0 0 1 0 0 0 54 0 0 54 0 0 0 10.8
Control 1 - PA No Salt 7 100 ICE-PA 0 0.4 0.6 0 0 0 49 0 19.6 29.4 0 0 0 9.8
3 - Beet and Brine 8 100 ICE-PA 0 0 1 0 0 0 54 0 0 54 0 0 0 10.8
3 - Beet and Brine 7 100 ICE-PA 0 0.1 0.9 0 0 0 48 0 4.8 43.2 0 0 0 9.6
3 - Beet and Brine 2 100 ICE-PA 0 0 1 0 0 0 55 0 0 55 0 0 0 11
3 - Beet and Brine 6 100 ICE-PA 0 0.1 0.9 0 0 0 57 0 5.7 51.3 0 0 0 11.4
4 - Beet and Water 1 10 ICE-PA 0 0 0.1 0 0.9 0 50 0 0 5 0 45 0 10
4 - Beet and Water 3 100 ICE-PA 0 0.1 0.9 0 0 0 60 0 6 54 0 0 0 12
4 - Beet and Water 5 100 ICE-PA 0 0.1 0.9 0 0 0 55 0 5.5 49.5 0 0 0 11
4 - Beet and Water 4 100 ICE-PA 0 0 1 0 0 0 61 0 0 61 0 0 0 12.2
Control 2 - DMA No Salt 2 100 ICE-DMA 0 0 1 0 0 0 55 0 0 55 0 0 0 11
Control 2 - DMA No Salt 1 100 ICE-DMA 0 0.3 0.7 0 0 0 55 0 16.5 38.5 0 0 0 11
Control 2 - DMA No Salt 8 100 ICE-DMA 0 0 1 0 0 0 63 0 0 63 0 0 0 12.6
Control 2 - DMA No Salt 5 100 ICE-DMA 0 0.3 0.7 0 0 0 58 0 17.4 40.6 0 0 0 11.6
Control 3 - DMA Salt 1 0 WET-DMA 0 0 0 0 1 0 95 0 0 0 0 95 0 19
Control 3 - DMA Salt 2 0 WET-DMA 0 0 0 0 1 0 91 0 0 0 0 91 0 18.2
Control 3 - DMA Salt 3 0 WET-DMA 0 0 0 0 1 0 88 0 0 0 0 88 0 17.6
Control 3 - DMA Salt 4 0 WET-DMA 0 0 0 0 1 0 100 0 0 0 0 100 0 20
1 - Potassium Acetate 3 3/21/2013 50 WET-PA 0 0 0.5 0 0 0.5 87 0 0 43.5 0 0 43.5 17.4
1 - Potassium Acetate 2 50 WET-PA 0 0 0.5 0 0 0.5 82 0 0 41 0 0 41 16.4
1 - Potassium Acetate 6 0 WET-PA 0 0 0 0 0 1 85 0 0 0 0 0 85 17
1 - Potassium Acetate 5 0 WET-PA 0 0 0 0 0 1 80 0 0 0 0 0 80 16
Control 1 - PA No Salt 4 50 ICE-PA 0 0 0.5 0 0 0.5 50 0 0 25 0 0 25 10
Control 1 - PA No Salt 7 50 WET-PA 0 0 0.5 0 0 0.5 90 0 0 45 0 0 45 18
Control 1 - PA No Salt 8 10 WET-PA 0 0 0.1 0 0 0.9 93 0 0 9.3 0 0 83.7 18.6
Control 1 - PA No Salt 1 0 WET-PA 0 0 0 0 0 1 90 0 0 0 0 0 90 18



























3 - Beet and Brine 4 0 WET-PA 0 0 0 0 0 1 100 0 0 0 0 0 100 20
3 - Beet and Brine 3 0 WET-PA 0 0 0 0 0 1 102 0 0 0 0 0 102 20.4
3 - Beet and Brine 2 0 WET-PA 0 0 0 0 0 1 83 0 0 0 0 0 83 16.6
4 - Beet and Water 7 50 WET-PA 0 0 0.5 0 0 0.5 81 0 0 40.5 0 0 40.5 16.2
4 - Beet and Water 1 0 WET-PA 0 0 0 0 0 1 91 0 0 0 0 0 91 18.2
4 - Beet and Water 6 0 WET-PA 0 0 0 0 0 1 92 0 0 0 0 0 92 18.4
4 - Beet and Water 5 0 WET-PA 0 0 0 0 0 1 90 0 0 0 0 0 90 18
Control 2 - DMA No Salt 8 0 WET-DMA 0 0 0 0 0 1 70 0 0 0 0 0 70 14
Control 2 - DMA No Salt 1 0 WET-DMA 0 0 0 0 0 1 76 0 0 0 0 0 76 15.2
Control 2 - DMA No Salt 7 20 WET-DMA 0 0 0.2 0 0 0.8 68 0 0 13.6 0 0 54.4 13.6
Control 2 - DMA No Salt 4 50 WET-DMA 0 0 0.5 0 0 0.5 86 0 0 43 0 0 43 17.2
Control 3 - DMA Salt 1 0 WET-DMA 0 0 0 0 0 1 84 0 0 0 0 0 84 16.8
Control 3 - DMA Salt 2 0 WET-DMA 0 0 0 0 0 1 93 0 0 0 0 0 93 18.6
Control 3 - DMA Salt 3 0 WET-DMA 0 0 0 0 0 1 86 0 0 0 0 0 86 17.2
Control 3 - DMA Salt 4 0 WET-DMA 0 0 0 0 0 1 69 0 0 0 0 0 69 13.8
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APPENDIX D 
DEICER APPLICATION DATES 
The following spreadsheet contains the dates that deicers were applied during winter 
storm events. The first column represents the dates that deicers were applied to stalls, and the 
bottom of that column contains a summary of the number of total days that deicers were applied 
during the study. The column to the right contains the dates that deicers were not applied but the 
stalls were still skid tested. The row at the bottom of the column contains a zero because there 
were no deicer applications during that date.  
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SKID RESISTANCE VALUES (‘12-‘13’) 
The following spreadsheets contain the skid resistance data that was collected during 
winter storm events. The columns from left to right contain: “North/South” – indicates which 
side of the parking lot the study took place on, “stall” indicates the deicer applied/controls, “grid 
#” indicates which number grid was tested within the stall, the surface tested indicates whether 
the pavement was WP (wet pavement), DP (dry pavement), SLU(slush), S(snow), or 
CS(compacted snow), “BPN-1 to 4 indicates which number of the swing the tester was on 
(ASTM requires 4 swings of the pendulum arm for a full test), and the “Average BPN” is the 
average of the 4 swings of the pendulum tester.  
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North/South Stall Grid# Surface Tested BPN-1 BPN-2 BPN-3 BPN-4 Average BPN
South 1 - Potassium Acetate 1 WP 97 97 96 96 97
South 1 - Potassium Acetate 6 WP 89 87 87 83 87
South 1 - Potassium Acetate 8 WP 82 81 81 89 83
South 1 - Potassium Acetate 3 WP 99 106 99 94 100
South Control 1 - PA No Salt 5 WP 91 93 91 94 92
South Control 1 - PA No Salt 4 WP 85 89 85 85 86
South Control 1 - PA No Salt 1 WP 97 99 101 103 100
South Control 1 - PA No Salt 3 WP 82 82 88 89 85
South 3 - Beet and Brine 6 WP 84 85 84 84 84
South 3 - Beet and Brine 2 WP 95 104 101 100 100
South 3 - Beet and Brine 4 WP 86 84 86 85 85
South 3 - Beet and Brine 1 WP 89 90 90 91 90
South 4 - Beet and Water 5 WP 84 85 84 85 85
South 4 - Beet and Water 8 WP 83 89 90 90 88
South 4 - Beet and Water 3 WP 90 89 92 90 90
South 4 - Beet and Water 7 WP 96 95 94 96 95
South Control 2 - DMA No Salt 7 WP 76 75 74 74 75
South Control 2 - DMA No Salt 2 WP 70 68 65 65 67
South Control 2 - DMA No Salt 4 WP 74 73 71 71 72
South Control 2 - DMA No Salt 5 WP 65 65 66 65 65
Driving Lane Control 3 - DMA Salt 13 DP 87 85 91 86 87
Driving Lane Control 3 - DMA Salt 13 DP 80 84 85 87 84
Driving Lane Control 3 - DMA Salt 13 WP 77 82 83 84 82
Driving Lane Control 3 - DMA Salt 13 DP 88 91 91 89 90
North 1 - Potassium Acetate 4 WP/SLU 74 74 76 79 76
North 1 - Potassium Acetate 1 WP/SLU 66 70 75 80 73
North 1 - Potassium Acetate 8 WP 82 82 82 84 83
North 1 - Potassium Acetate 5 WP 99 94 94 94 95
North Control 1 - PA No Salt 3 CS 60 47 50 47 51
North Control 1 - PA No Salt 2 SLU 51 49 49 49 50
North Control 1 - PA No Salt 7 WP 94 96 104 98 98
North Control 1 - PA No Salt 6 CS 55 54 54 52 54
North 3 - Beet and Brine 6 CS 66 59 54 50 57
North 3 - Beet and Brine 1 WP 71 75 74 74 74
North 3 - Beet and Brine 2 WP 79 81 81 84 81
North 3 - Beet and Brine 8 WP 90 105 105 108 102
North 4 - Beet and Water 4 WP 80 80 79 80 80
North 4 - Beet and Water 7 wp 96 96 96 96 96
North 4 - Beet and Water 3 WP 86 85 88 89 87
North 4 - Beet and Water 5 SLU 49 51 59 64 56
North Control 2 - DMA No Salt 5 CS 55 51 49 48 51
North Control 2 - DMA No Salt 2 S 47 41 40 39 42
North Control 2 - DMA No Salt 4 S 49 40 39 39 42
North Control 2 - DMA No Salt 1 S 46 44 43 43 44
Driving Lane Control 3 - DMA Salt 13 SLU 56 57 55 57 56
Driving Lane Control 3 - DMA Salt 13 WP 90 91 90 94 91
Driving Lane Control 3 - DMA Salt 13 WP 75 79 80 81 79
Driving Lane Control 3 - DMA Salt 13 WP/SLU 70 76 81 83 78
South 1 - Potassium Acetate 7 CS 56 52 51 50 52
South 1 - Potassium Acetate 2 ICE 54 59 58 56 57
South 1 - Potassium Acetate 4 ICE/CS 55 49 48 46 50
South 1 - Potassium Acetate 1 ICE/WP 50 49 51 48 50
South Control 1 - PA No Salt 8 CS 50 48 50 49 49
South Control 1 - PA No Salt 3 ICE 53 50 49 46 50
South Control 1 - PA No Salt 5 CS 65 59 51 47 56
South Control 1 - PA No Salt 6 CS 49 46 45 46 47
South 3 - Beet and Brine 4 ICE 41 40 40 39 40
South 3 - Beet and Brine 5 CS 56 59 51 54 55
South 3 - Beet and Brine 3 ICE 34 41 38 39 38
South 3 - Beet and Brine 1 ICE 74 72 71 72 72
South 4 - Beet and Water 8 CS 51 52 52 51 52
South 4 - Beet and Water 7 CS 48 44 44 42 45
South 4 - Beet and Water 2 ICE/WP 56 58 59 58 58
South 4 - Beet and Water 6 CS 51 48 47 50 49
South Control 2 - DMA No Salt 6 CS 48 45 43 42 45
South Control 2 - DMA No Salt 4 CS 49 36 36 35 39
South Control 2 - DMA No Salt 3 CS 51 44 36 42 43
South Control 2 - DMA No Salt 1 CS 51 44 41 39 44
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North/South Stall Grid# Surface Tested BPN-1 BPN-2 BPN-3 BPN-4 Average BPN
Driving Lane Control 3 - DMA Salt 13 ICE 54 51 49 48 51
Driving Lane Control 3 - DMA Salt 13 ICE 59 60 59 59 59
Driving Lane Control 3 - DMA Salt 13 ICE/DP 71 71 73 74 72
Driving Lane Control 3 - DMA Salt 13 DP/ICE 60 63 64 64 63
North 1 - Potassium Acetate 3 WP 89 89 89 89 89
North 1 - Potassium Acetate 6 ICE/WP 41 66 68 70 61
North 1 - Potassium Acetate 2 WP 81 81 82 84 82
North 1 - Potassium Acetate 6 WP 72 80 80 81 78
North Control 1 - PA No Salt 1 WP 89 90 89 89 89
North Control 1 - PA No Salt 3 WP 89 90 89 88 89
North Control 1 - PA No Salt 2 WP 76 77 77 76 77
North Control 1 - PA No Salt 5 WP 86 85 84 86 85
North 3 - Beet and Brine 4 WP 96 96 96 96 96
North 3 - Beet and Brine 7 WP 96 94 96 94 95
North 3 - Beet and Brine 8 WP 91 92 94 100 94
North 3 - Beet and Brine 2 ICE 66 69 70 75 70
North 4 - Beet and Water 8 WP 81 80 79 79 80
North 4 - Beet and Water 7 WP 90 92 94 94 93
North 4 - Beet and Water 4 WP 76 76 75 72 75
North 4 - Beet and Water 6 WP 81 84 88 89 86
South Control 2 - DMA No Salt 1 WP/SLUSH 54 59 59 61 58
South Control 2 - DMA No Salt 3 WP 84 89 89 88 88
South Control 2 - DMA No Salt 5 WP 74 76 76 75 75
South Control 2 - DMA No Salt 4 WP 78 76 76 78 77
Driving Lane Control 3 - DMA Salt 13 WP 88 94 93 94 92
Driving Lane Control 3 - DMA Salt 13 WP 86 88 91 91 89
Driving Lane Control 3 - DMA Salt 13 WP 72 74 81 86 78
Driving Lane Control 3 - DMA Salt 13 WP 80 84 80 82 82
North 1 - Potassium Acetate 3 WP 89 89 89 89 89
North 1 - Potassium Acetate 6 ICE/WP 41 66 68 70 61
North 1 - Potassium Acetate 2 WP 81 81 82 84 82
North 1 - Potassium Acetate 6 WP 72 80 80 81 78
North Control 1 - PA No Salt 1 WP 89 90 89 89 89
North Control 1 - PA No Salt 3 WP 89 90 89 88 89
North Control 1 - PA No Salt 2 WP 76 77 77 76 77
North Control 1 - PA No Salt 5 WP 86 85 84 86 85
North 3 - Beet and Brine 4 WP 96 96 96 96 96
North 3 - Beet and Brine 7 WP 96 94 96 94 95
North 3 - Beet and Brine 8 WP 91 92 94 100 94
North 3 - Beet and Brine 2 ICE 66 69 70 75 70
North 4 - Beet and Water 8 WP 81 80 79 79 80
North 4 - Beet and Water 7 WP 90 92 94 94 93
North 4 - Beet and Water 4 WP 76 76 75 72 75
North 4 - Beet and Water 6 WP 81 84 88 89 86
North Control 2 - DMA No Salt 1 WP/SLUSH 54 59 59 61 58
North Control 2 - DMA No Salt 3 WP 84 89 89 88 88
North Control 2 - DMA No Salt 5 WP 74 76 76 75 75
North Control 2 - DMA No Salt 4 WP 78 76 76 78 77
Driving Lane Control 3 - DMA Salt 13 WP 88 94 93 94 92
Driving Lane Control 3 - DMA Salt 13 WP 86 88 91 91 89
Driving Lane Control 3 - DMA Salt 13 WP 72 74 81 86 78
Driving Lane Control 3 - DMA Salt 13 WP 80 84 80 82 82
South 1 - Potassium Acetate 4 I 61 59 56 54 58
South 1 - Potassium Acetate 5 I 66 64 61 60 63
South 1 - Potassium Acetate 6 CS/I 54 51 50 49 51
South 1 - Potassium Acetate 1 I 60 55 52 51 55
South Control 1 - PA No Salt 2 I 51 51 49 46 49
South Control 1 - PA No Salt 8 CS/I 56 56 55 53 55
South Control 1 - PA No Salt 3 I 57 54 52 51 54
South Control 1 - PA No Salt 7 CS/I 57 49 46 44 49
South 3 - Beet and Brine 8 I 59 54 53 51 54
South 3 - Beet and Brine 7 CS/I 51 50 46 44 48
South 3 - Beet and Brine 2 I 56 56 55 54 55
South 3 - Beet and Brine 6 I 62 58 55 53 57
South 4 - Beet and Water 1 I 51 51 50 49 50
South 4 - Beet and Water 3 CS/I 64 62 59 56 60
South 4 - Beet and Water 5 CS/I 59 58 52 50 55
South 4 - Beet and Water 4 I 64 63 58 58 61
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North/South Stall Grid# Surface Tested BPN-1 BPN-2 BPN-3 BPN-4 Average BPN
South Control 2 - DMA No Salt 2 I 59 55 54 53 55
South Control 2 - DMA No Salt 1 I 58 55 55 52 55
South Control 2 - DMA No Salt 8 I 69 64 61 59 63
South Control 2 - DMA No Salt 5 I 60 59 58 55 58
Driving Lane 3 - DMA Salt 13 DP 96 96 95 94 95
Driving Lane 3 - DMA Salt 13 DP 89 93 92 91 91
Driving Lane 3 - DMA Salt 13 DP 82 89 91 90 88
Driving Lane 3 - DMA Salt 13 DP 98 100 100 102 100
South 1 - Potassium Acetate 3 WP 83 87 87 92 87
South 1 - Potassium Acetate 2 WP 80 81 87 81 82
South 1 - Potassium Acetate 6 WP 86 84 84 84 85
South 1 - Potassium Acetate 5 WP 81 81 79 80 80
South Control 1 - PA No Salt 4 I 56 50 48 44 50
South Control 1 - PA No Salt 7 WP 88 89 90 91 90
South Control 1 - PA No Salt 8 WP 90 92 94 94 93
South Control 1 - PA No Salt 1 WP 90 90 89 89 90
South 3 - Beet and Brine 8 WP 89 86 85 85 86
South 3 - Beet and Brine 4 WP 99 99 101 101 100
South 3 - Beet and Brine 3 WP 104 102 102 101 102
South 3 - Beet and Brine 2 WP 82 82 82 84 83
South 4 - Beet and Water 7 WP 76 85 81 83 81
South 4 - Beet and Water 1 WP 94 90 89 89 91
South 4 - Beet and Water 6 WP 91 91 93 92 92
South 4 - Beet and Water 5 WP 88 90 90 90 90
South Control 2 - DMA No Salt 8 WP 70 70 69 70 70
South Control 2 - DMA No Salt 1 WP 74 76 78 76 76
South Control 2 - DMA No Salt 7 SW 65 68 68 69 68
South Control 2 - DMA No Salt 4 WP 85 86 86 86 86
Driving Lane Control 3 - DMA Salt 13 WP 80 84 86 86 84
Driving Lane Control 3 - DMA Salt 13 WP 89 93 94 94 93
Driving Lane Control 3 - DMA Salt 13 WP 85 86 87 87 86
Driving Lane Control 3 - DMA Salt 13 WP 60 66 72 76 69
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APPENDIX F 
PAVEMENT SURFACE TEMPERATURES 
The pavement surface temperatures were recorded for each storm event and are contained 
in the following spreadsheets. The columns from left to right contain: “Date” - the dates of each 
recorded study, “North/South” indicates which side of the study area the test was conducted on, 
the “stall” indicates the treatment applied or control, the “grid #” indicates which number grid 
was tested within each stall, the “surface temp prior to deicer application” was a recording of the 
pavement surface temperature (in deg. F) immediately upon arrival to the study area and 
immediately after plowing. The “surface temp prior to skid test” was recorded in deg. F and was 
measured after the deicers were applied and directly before skid testing each grid within each 
stall. The rows in the spreadsheets from top to bottom represent the date of each recorded storm 
event, and the surface temperatures within each grid tested in each stall.  
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Date North/South Stall Grid #
Surface Temp 




Prior to Skid Test 
(Deg. F)
1/29/2013 South 1 - Potassium Acetate 1 29 40
South 1 - Potassium Acetate 6 29 38
South 1 - Potassium Acetate 8 29 41
South 1 - Potassium Acetate 3 29 39
South Control 1 - PA No Salt 5 29 40
South Control 1 - PA No Salt 4 29 39
South Control 1 - PA No Salt 1 30 40
South Control 1 - PA No Salt 3 29 40
South 3 - Beet and Brine 6 28.5 40
South 3 - Beet and Brine 2 28.8 39
South 3 - Beet and Brine 4 28.8 40
South 3 - Beet and Brine 1 28.8 39
South 4 - Beet and Water 5 26.4 37
South 4 - Beet and Water 8 27.8 39
South 4 - Beet and Water 3 26.9 39
South 4 - Beet and Water 7 26.9 38
South Control 2 - DMA No Salt 7 27.8 41
South Control 2 - DMA No Salt 2 29.3 37
South Control 2 - DMA No Salt 4 28.5 36
South Control 2 - DMA No Salt 5 28.3 40
Driving Lane Control 3 - DMA Salt 13 38
Driving Lane Control 3 - DMA Salt 13 39
Driving Lane Control 3 - DMA Salt 13 37
Driving Lane Control 3 - DMA Salt 13 37
2/10/2013 North 1 - Potassium Acetate 4 18 35
North 1 - Potassium Acetate 1 18 33
North 1 - Potassium Acetate 8 18 33
North 1 - Potassium Acetate 5 18 39
North Control 1 - PA No Salt 3 18 32
North Control 1 - PA No Salt 2 18 34
North Control 1 - PA No Salt 7 18 37
North Control 1 - PA No Salt 6 18 36
North 3 - Beet and Brine 6 19 25
North 3 - Beet and Brine 1 19 46
North 3 - Beet and Brine 2 19 50
North 3 - Beet and Brine 8 19 49
North 4 - Beet and Water 4 19 46
North 4 - Beet and Water 7 19 34
North 4 - Beet and Water 3 19 46
North 4 - Beet and Water 5 19 33
North Control 2 - DMA No Salt 5 20 23
North Control 2 - DMA No Salt 2 20 17
North Control 2 - DMA No Salt 4 20 21
North Control 2 - DMA No Salt 1 20 22
Driving Lane Control 3 - DMA Salt 13 32
Driving Lane Control 3 - DMA Salt 13 48
Driving Lane Control 3 - DMA Salt 13 36
Driving Lane Control 3 - DMA Salt 13 28
2/10/2013 South 1 - Potassium Acetate 7 24 21
South 1 - Potassium Acetate 2 24 23
South 1 - Potassium Acetate 4 24 23
South 1 - Potassium Acetate 1 24 26
South Control 1 - PA No Salt 8 23 21
South Control 1 - PA No Salt 3 23 26
South Control 1 - PA No Salt 5 23 20
South Control 1 - PA No Salt 6 23 24
South 3 - Beet and Brine 4 27 27
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Date North/South Stall Grid #
Surface Temp 




Prior to Skid Test 
(Deg. F)
South 3 - Beet and Brine 5 27 25
South 3 - Beet and Brine 3 27 28
South 3 - Beet and Brine 1 27 27
South 4 - Beet and Water 8 27 27
South 4 - Beet and Water 7 27 28
South 4 - Beet and Water 2 27 28
South 4 - Beet and Water 6 27 27
South Control 2 - DMA No Salt 6 20 21
South Control 2 - DMA No Salt 4 20 16
South Control 2 - DMA No Salt 3 20 18
South Control 2 - DMA No Salt 1 20 21
Driving Lane Control 3 - DMA Salt 13 28
Driving Lane Control 3 - DMA Salt 13 27
Driving Lane Control 3 - DMA Salt 13 27
Driving Lane Control 3 - DMA Salt 13 27
2/25/2013 North 1 - Potassium Acetate 3 31 34
North 1 - Potassium Acetate 6 31 34
North 1 - Potassium Acetate 2 31 47
North 1 - Potassium Acetate 6 31 42
North Control 1 - PA No Salt 1 31 47
North Control 1 - PA No Salt 3 31 42
North Control 1 - PA No Salt 2 31 45
North Control 1 - PA No Salt 5 31 45
North 3 - Beet and Brine 4 31 43
North 3 - Beet and Brine 7 30 45
North 3 - Beet and Brine 8 30 47
North 3 - Beet and Brine 2 30 32
North 4 - Beet and Water 8 30 46
North 4 - Beet and Water 7 30 43
North 4 - Beet and Water 4 30 47
North 4 - Beet and Water 6 30 47
South Control 2 - DMA No Salt 1 31 32
South Control 2 - DMA No Salt 3 31 41
South Control 2 - DMA No Salt 5 31 43
South Control 2 - DMA No Salt 4 31 45
Driving Lane Control 3 - DMA Salt 13 41
Driving Lane Control 3 - DMA Salt 13 42
Driving Lane Control 3 - DMA Salt 13 44
Driving Lane Control 3 - DMA Salt 13 42
3/20/2013 North 1 - Potassium Acetate 3 27 34
North 1 - Potassium Acetate 6 27 34
North 1 - Potassium Acetate 2 27 47
North 1 - Potassium Acetate 6 27 42
North Control 1 - PA No Salt 1 28 47
North Control 1 - PA No Salt 3 28 42
North Control 1 - PA No Salt 2 28 45
North Control 1 - PA No Salt 5 28 45
North 3 - Beet and Brine 4 28 43
North 3 - Beet and Brine 7 28 45
North 3 - Beet and Brine 8 28 47
North 3 - Beet and Brine 2 28 32
North 4 - Beet and Water 8 26 46
North 4 - Beet and Water 7 26 43
North 4 - Beet and Water 4 26 47
North 4 - Beet and Water 6 26 47
North Control 2 - DMA No Salt 1 29 32
North Control 2 - DMA No Salt 3 29 41
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Date North/South Stall Grid #
Surface Temp 




Prior to Skid Test 
(Deg. F)
North Control 2 - DMA No Salt 5 29 43
North Control 2 - DMA No Salt 4 29 45
Driving Lane Control 3 - DMA Salt 13 41
Driving Lane Control 3 - DMA Salt 13 42
Driving Lane Control 3 - DMA Salt 13 44
Driving Lane Control 3 - DMA Salt 13 42
3/20/2013 South 1 - Potassium Acetate 4 20 26.1
South 1 - Potassium Acetate 5 20 24.7
South 1 - Potassium Acetate 6 20 24.4
South 1 - Potassium Acetate 1 20 25.3
South Control 1 - PA No Salt 2 24 26.8
South Control 1 - PA No Salt 8 24 26
South Control 1 - PA No Salt 3 24 25.3
South Control 1 - PA No Salt 7 24 25.4
South 3 - Beet and Brine 8 23.2 27.4
South 3 - Beet and Brine 7 23.2 25.7
South 3 - Beet and Brine 2 23.2 25.9
South 3 - Beet and Brine 6 23.2 25.3
South 4 - Beet and Water 1 24 25.9
South 4 - Beet and Water 3 24 26.4
South 4 - Beet and Water 5 24 25.8
South 4 - Beet and Water 4 24 27.5
South Control 2 - DMA No Salt 2 17 24.2
South Control 2 - DMA No Salt 1 17 23.1
South Control 2 - DMA No Salt 8 17 23.6
South Control 2 - DMA No Salt 5 17 23.6
Driving Lane 3 - DMA Salt 13 24.1
Driving Lane 3 - DMA Salt 13 24.2
Driving Lane 3 - DMA Salt 13 25
Driving Lane 3 - DMA Salt 13 22.9
3/21/2013 South 1 - Potassium Acetate 3 41.6
South 1 - Potassium Acetate 2 42
South 1 - Potassium Acetate 6 37.5
South 1 - Potassium Acetate 5 45.7
South Control 1 - PA No Salt 4 25.3
South Control 1 - PA No Salt 7 39.3
South Control 1 - PA No Salt 8 48.1
South Control 1 - PA No Salt 1 43.1
South 3 - Beet and Brine 8 43.6
South 3 - Beet and Brine 4 47.8
South 3 - Beet and Brine 3 42.7
South 3 - Beet and Brine 2 44.4
South 4 - Beet and Water 7 43.1
South 4 - Beet and Water 1 52.1
South 4 - Beet and Water 6 46.3
South 4 - Beet and Water 5 44.7
South Control 2 - DMA No Salt 8 42.6
South Control 2 - DMA No Salt 1 46.8
South Control 2 - DMA No Salt 7 41.9
South Control 2 - DMA No Salt 4 46.9
Driving Lane Control 3 - DMA Salt 13 47.5
Driving Lane Control 3 - DMA Salt 13 44.3
Driving Lane Control 3 - DMA Salt 13 46.4
Driving Lane Control 3 - DMA Salt 13 45.5
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APPENDIX G 
PAVEMENT SURFACE TEMPERATURE DATA DURING DRY AND WET SKID 
TESTING 
Dry and wet skid testing was conducted under controlled conditions in April 2013 in 
order to examine any surface friction differences among test stalls and controls under normal 
conditions. A dry day was chosen for this test and wet conditions were mimicked using a spray 
bottle and a fixed amount of water was applied using this method. Each stall was tested under 
both dry and wet conditions and the pavement surface temperature fluctuated throughout the day, 
as evident in the surface temperature recordings. The columns from left to right are as follows: 
“North/South” indicates which side of the study area the test took place on. The “stall” indicates 
which stall contains the typical treatment or control that is being tested, the “grid #” indicates the 
grid number that was tested within each stall – in this case each grid was tested for each 
stall/control. The “surface temp” was a recording of the pavement surface temperature (in deg. F) 
immediately prior to the skid testing. The “dry-1 to 4” columns contain the BPNs recorded for 
each swing of the skid tester. The “mean BPN dry” is an average of the 4 swings. “Wet-1, Wet-
1N to Wet 4, Wet-4N” contain the BPNs for the wet conditions, and the “N” columns contain the 
normalized wet BPN number which is negative in this case. This was calculated by subtracting 
each wet BPN from the Mean BPN dry. The “weighted BPN” is the mean of all the normalized 
wet BPNs. “Pavement type” in the last column indicated whether the pavement type was PA or 






Dry-1 Dry-2 Dry-3 Dry-4 Mean BPN Dry Wet-1 Wet-1N Wet-2 Wet-2N Wet-3 Wet-3N Wet-4 Wet-4N
Weighted 
BPN Pavement Type
North 1 - Potassium Acetate-PA 1 69 101 101 101 101 101 81 -20 81 -20 81 -20 80 -21 -20 Porous Asphalt
North 1 - Potassium Acetate-PA 2 71.1 99 104 104 105 103 79 -24 77 -26 77 -26 78 -25 -24 Porous Asphalt
North 1 - Potassium Acetate-PA 3 67.9 89 94 96 100 94.75 73 -21.75 71 -23.75 71 -23.75 70 -24.75 -21.75 Porous Asphalt
North 1 - Potassium Acetate-PA 4 67.1 91 94 95 96 94 69 -25 68 -26 69 -25 67 -27 -25 Porous Asphalt
North 1 - Potassium Acetate-PA 5 67.4 100 101 102 96 99.75 72 -27.75 71 -28.75 72 -27.75 71 -28.75 -27.75 Porous Asphalt
North 1 - Potassium Acetate-PA 6 65.9 103 99 99 99 100 69 -31 69 -31 68 -32 68 -32 -31 Porous Asphalt
North 1 - Potassium Acetate-PA 7 63.8 92 95 95 95 94.25 78 -16.25 78 -16.25 79 -15.25 79 -15.25 -16.25 Porous Asphalt
North 1 - Potassium Acetate-PA 8 66.5 102 101 102 102 101.75 79 -22.75 79 -22.75 79 -22.75 79 -22.75 -21.75 Porous Asphalt
South 1 - Potassium Acetate-PA 1 57.2 91 104 104 104 100.75 86 -14.75 86 -14.75 86 -14.75 86 -14.75 -14.75 Porous Asphalt
South 1 - Potassium Acetate-PA 2 55.1 104 105 105 104 104.5 75 -29.5 74 -30.5 74 -30.5 74 -30.5 -29.5 Porous Asphalt
South 1 - Potassium Acetate-PA 3 53.7 101 101 101 100 100.75 74 -26.75 73 -27.75 73 -27.75 73 -27.75 -26.75 Porous Asphalt
South 1 - Potassium Acetate-PA 4 52.1 101 101 101 101 101 74 -27 74 -27 74 -27 74 -27 -26 Porous Asphalt
South 1 - Potassium Acetate-PA 5 48.9 100 105 105 106 104 79 -25 77 -27 76 -28 77 -27 -25 Porous Asphalt
South 1 - Potassium Acetate-PA 6 44 99 104 104 104 102.75 84 -18.75 84 -18.75 84 -18.75 84 -18.75 -18.75 Porous Asphalt
South 1 - Potassium Acetate-PA 7 32.3 100 101 101 101 100.75 79 -21.75 76 -24.75 76 -24.75 76 -24.75 -21.75 Porous Asphalt
South 1 - Potassium Acetate-PA 8 29.9 101 104 104 104 103.25 84 -19.25 83 -20.25 82 -21.25 81 -22.25 -19.25 Porous Asphalt
South 1 - Potassium Acetate-PA 9 34.3 99 102 102 103 101.5 84 -17.5 85 -16.5 85 -16.5 85 -16.5 -15.5 Porous Asphalt
South 1 - Potassium Acetate-PA 10 36.4 102 106 106 106 105 94 -11 93 -12 92 -13 91 -14 -11 Porous Asphalt
South 1 - Potassium Acetate-PA 11 34.8 101 107 107 107 105.5 87 -18.5 84 -21.5 84 -21.5 84 -21.5 -18.5 Porous Asphalt
South 1 - Potassium Acetate-PA 12 31.9 109 109 110 110 109.5 94 -15.5 94 -15.5 92 -17.5 92 -17.5 -15.5 Porous Asphalt
South 3 - Beet and Brine-PA 1 72.3 106 105 106 106 105.75 76 -29.75 75 -30.75 75 -30.75 75 -30.75 -29.75 Porous Asphalt
South 3 - Beet and Brine-PA 2 70.9 90 94 95 95 93.5 65 -28.5 64 -29.5 64 -29.5 64 -29.5 -28.5 Porous Asphalt
South 3 - Beet and Brine-PA 3 72.5 100 94 86 92 93 76 -17 76 -17 75 -18 74 -19 -17 Porous Asphalt
South 3 - Beet and Brine-PA 4 71.6 94 99 99 98 97.5 69 -28.5 69 -28.5 70 -27.5 71 -26.5 -28.5 Porous Asphalt
South 3 - Beet and Brine-PA 5 76.9 84 85 85 85 84.75 67 -17.75 66 -18.75 66 -18.75 67 -17.75 -17.75 Porous Asphalt
South 3 - Beet and Brine-PA 6 77.6 90 94 94 94 93 85 -8 84 -9 82 -11 82 -11 -8 Porous Asphalt
South 3 - Beet and Brine-PA 7 79.1 97 100 100 100 99.25 76 -23.25 76 -23.25 75 -24.25 75 -24.25 -23.25 Porous Asphalt
South 3 - Beet and Brine-PA 8 75.4 101 102 102 102 101.75 79 -22.75 77 -24.75 78 -23.75 77 -24.75 -22.75 Porous Asphalt
South 3 - Beet and Brine-PA 9 74.8 99 99 99 99 99 72 -27 72 -27 73 -26 72 -27 -27 Porous Asphalt
South 3 - Beet and Brine-PA 10 73.3 99 98 99 99 98.75 79 -19.75 79 -19.75 79 -19.75 79 -19.75 -19.75 Porous Asphalt
South 3 - Beet and Brine-PA 11 74.5 94 94 96 97 95.25 66 -29.25 64 -31.25 64 -31.25 64 -31.25 -29.25 Porous Asphalt
South 3 - Beet and Brine-PA 12 73.5 89 99 99 99 96.5 74 -22.5 74 -22.5 72 -24.5 72 -24.5 -22.5 Porous Asphalt
North 3 - Beet and Brine-PA 1 65.3 86 101 101 101 97.25 74 -23.25 73 -24.25 72 -25.25 72 -25.25 -23.25 Porous Asphalt
North 3 - Beet and Brine-PA 2 64.1 84 99 99 99 95.25 75 -20.25 75 -20.25 74 -21.25 74 -21.25 -20.25 Porous Asphalt
North 3 - Beet and Brine-PA 3 63.4 100 100 101 101 100.5 71 -29.5 70 -30.5 70 -30.5 70 -30.5 -29.5 Porous Asphalt
North 3 - Beet and Brine-PA 4 65.2 88 102 104 104 99.5 75 -24.5 74 -25.5 74 -25.5 74 -25.5 -24.5 Porous Asphalt
North 3 - Beet and Brine-PA 5 63.7 87 103 107 106 100.75 78 -22.75 78 -22.75 76 -24.75 77 -23.75 -22.75 Porous Asphalt
North 3 - Beet and Brine-PA 6 63.3 91 103 104 105 100.75 74 -26.75 73 -27.75 73 -27.75 74 -26.75 -26.75 Porous Asphalt
North 3 - Beet and Brine-PA 7 64.5 96 102 102 102 100.5 86 -14.5 84 -16.5 84 -16.5 84 -16.5 -15.5 Porous Asphalt
North 3 - Beet and Brine-PA 8 64.5 94 101 107 107 102.25 92 -10.25 91 -11.25 91 -11.25 91 -11.25 -10.25 Porous Asphalt
South 4 - Beet and Water-PA 1 59.2 99 104 104 104 102.75 78 -24.75 78 -24.75 77 -25.75 77 -25.75 -24.75 Porous Asphalt
South 4 - Beet and Water-PA 2 57.3 99 103 103 103 102 81 -21 81 -21 81 -21 81 -21 -20 Porous Asphalt






Dry-1 Dry-2 Dry-3 Dry-4 Mean BPN Dry Wet-1 Wet-1N Wet-2 Wet-2N Wet-3 Wet-3N Wet-4 Wet-4N
Weighted 
BPN Pavement Type
South 4 - Beet and Water-PA 4 55.4 99 103 104 105 102.75 77 -25.75 76 -26.75 76 -26.75 76 -26.75 -25.75 Porous Asphalt
South 4 - Beet and Water-PA 5 54 100 100 101 106 101.75 85 -16.75 84 -17.75 84 -17.75 84 -17.75 -16.75 Porous Asphalt
South 4 - Beet and Water-PA 6 53.7 102 104 103 102 102.75 84 -18.75 84 -18.75 84 -18.75 84 -18.75 -18.75 Porous Asphalt
South 4 - Beet and Water-PA 7 49.5 104 106 106 106 105.5 84 -21.5 83 -22.5 82 -23.5 82 -23.5 -21.5 Porous Asphalt
South 4 - Beet and Water-PA 8 48.9 102 102 102 102 102 86 -16 85 -17 84 -18 85 -17 -16 Porous Asphalt
South 4 - Beet and Water-PA 9 46.7 100 101 101 101 100.75 81 -19.75 81 -19.75 81 -19.75 81 -19.75 -19.75 Porous Asphalt
South 4 - Beet and Water-PA 10 38.4 96 101 105 107 102.25 90 -12.25 89 -13.25 89 -13.25 89 -13.25 -12.25 Porous Asphalt
South 4 - Beet and Water-PA 11 44.9 97 99 102 107 101.25 91 -10.25 89 -12.25 89 -12.25 89 -12.25 -10.25 Porous Asphalt
South 4 - Beet and Water-PA 12 39.9 95 101 100 104 100 99 -1 96 -4 97 -3 96 -4 -1 Porous Asphalt
North 4 - Beet and Water-PA 1 62.8 91 96 97 98 95.5 79 -16.5 76 -19.5 76 -19.5 76 -19.5 -17.5 Porous Asphalt
North 4 - Beet and Water-PA 2 63.4 86 105 106 106 100.75 80 -20.75 79 -21.75 79 -21.75 79 -21.75 -21.25 Porous Asphalt
North 4 - Beet and Water-PA 3 63.5 90 105 107 107 102.25 79 -23.25 77 -25.25 76 -26.25 76 -26.25 -23.25 Porous Asphalt
North 4 - Beet and Water-PA 4 64.3 90 104 106 106 101.5 79 -22.5 78 -23.5 77 -24.5 77 -24.5 -22.5 Porous Asphalt
North 4 - Beet and Water-PA 5 63.3 96 105 106 109 104 82 -22 81 -23 81 -23 82 -22 -22 Porous Asphalt
North 4 - Beet and Water-PA 6 64.1 92 109 110 110 105.25 80 -25.25 79 -26.25 78 -27.25 77 -28.25 -25.25 Porous Asphalt
North 4 - Beet and Water-PA 7 63.3 89 99 103 104 98.75 82 -16.75 81 -17.75 81 -17.75 81 -17.75 -16.75 Porous Asphalt
North 4 - Beet and Water-PA 8 64.5 91 105 106 107 102.25 80 -22.25 79 -23.25 78 -24.25 77 -25.25 -22.25 Porous Asphalt
South Control 1 - No Salt-PA 1 62.1 105 105 109 109 107 84 -23 84 -23 85 -22 85 -22 -23 Porous Asphalt
South Control 1 - No Salt-PA 2 59.3 100 100 100 99 99.75 68 -31.75 68 -31.75 68 -31.75 69 -30.75 -31.75 Porous Asphalt
South Control 1 - No Salt-PA 3 61.9 106 106 105 104 105.25 89 -16.25 88 -17.25 88 -17.25 88 -17.25 -16.25 Porous Asphalt
South Control 1 - No Salt-PA 4 60.1 96 100 100 100 99 74 -25 72 -27 72 -27 72 -27 -26 Porous Asphalt
South Control 1 - No Salt-PA 5 60.4 100 101 100 100 100.25 75 -25.25 74 -26.25 73 -27.25 75 -25.25 -25.25 Porous Asphalt
South Control 1 - No Salt-PA 6 53.7 99 100 100 100 99.75 72 -27.75 72 -27.75 71 -28.75 71 -28.75 -27.75 Porous Asphalt
South Control 1 - No Salt-PA 7 57.9 104 109 109 109 107.75 83 -24.75 82 -25.75 82 -25.75 81 -26.75 -24.75 Porous Asphalt
South Control 1 - No Salt-PA 8 50.4 101 101 101 101 101 80 -21 80 -21 79 -22 79 -22 -21 Porous Asphalt
South Control 1 - No Salt-PA 9 58.8 96 100 104 103 100.75 91 -9.75 90 -10.75 89 -11.75 91 -9.75 -9.75 Porous Asphalt
South Control 1 - No Salt-PA 10 46.4 104 104 104 104 104 81 -23 79 -25 79 -25 79 -25 -23 Porous Asphalt
South Control 1 - No Salt-PA 11 55.9 104 105 105 106 105 86 -19 84 -21 84 -21 84 -21 -20 Porous Asphalt
South Control 1 - No Salt-PA 12 49.3 104 103 103 104 103.5 89 -14.5 87 -16.5 87 -16.5 87 -16.5 -15.5 Porous Asphalt
North Control 1 - No Salt-PA 1 65.1 106 107 107 107 106.75 82 -24.75 82 -24.75 82 -24.75 81 -25.75 -24.75 Porous Asphalt
North Control 1 - No Salt-PA 2 66.1 99 101 102 102 101 70 -31 69 -32 69 -32 69 -32 -31 Porous Asphalt
North Control 1 - No Salt-PA 3 65.8 101 100 100 100 100.25 72 -28.25 72 -28.25 71 -29.25 71 -29.25 -28.25 Porous Asphalt
North Control 1 - No Salt-PA 4 66.5 86 100 100 100 96.5 71 -25.5 71 -25.5 70 -26.5 70 -26.5 -25.5 Porous Asphalt
North Control 1 - No Salt-PA 5 66.3 95 96 96 96 95.75 66 -29.75 66 -29.75 64 -31.75 65 -30.75 -29.75 Porous Asphalt
North Control 1 - No Salt-PA 6 65.8 96 101 101 102 100 71 -29 71 -29 71 -29 73 -27 -29 Porous Asphalt
North Control 1 - No Salt-PA 7 64.3 89 100 102 103 98.5 89 -9.5 88 -10.5 88 -10.5 88 -10.5 -10.5 Porous Asphalt
North Control 1 - No Salt-PA 8 65.1 91 99 99 99 97 76 -21 76 -21 76 -21 75 -22 -21 Porous Asphalt
South Control 2 - No Salt-DMA 1 64.1 84 87 89 89 87.25 70 -17.25 69 -18.25 69 -18.25 69 -18.25 -17.25 Dense Mix Asphalt
South Control 2 - No Salt-DMA 2 65.9 84 91 91 92 89.5 64 -25.5 61 -28.5 61 -28.5 61 -28.5 -25.5 Dense Mix Asphalt
South Control 2 - No Salt-DMA 3 65.1 62 76 92 95 81.25 75 -6.25 71 -10.25 71 -10.25 71 -10.25 -6.25 Dense Mix Asphalt
South Control 2 - No Salt-DMA 4 65.1 72 89 99 99 89.75 69 -20.75 66 -23.75 66 -23.75 66 -23.75 -20.75 Dense Mix Asphalt
South Control 2 - No Salt-DMA 5 63.6 86 100 101 101 97 76 -21 75 -22 74 -23 73 -24 -21 Dense Mix Asphalt






Dry-1 Dry-2 Dry-3 Dry-4 Mean BPN Dry Wet-1 Wet-1N Wet-2 Wet-2N Wet-3 Wet-3N Wet-4 Wet-4N
Weighted 
BPN Pavement Type
South Control 2 - No Salt-DMA 7 62.3 80 95 99 100 93.5 75 -18.5 74 -19.5 74 -19.5 74 -19.5 -17.5 Dense Mix Asphalt
South Control 2 - No Salt-DMA 8 60.9 80 89 95 97 90.25 75 -15.25 74 -16.25 74 -16.25 73 -17.25 -15.25 Dense Mix Asphalt
South Control 2 - No Salt-DMA 9 64.4 81 90 99 102 93 80 -13 80 -13 80 -13 80 -13 -13 Dense Mix Asphalt
South Control 2 - No Salt-DMA 10 65.8 84 92 99 99 93.5 79 -14.5 76 -17.5 76 -17.5 76 -17.5 -14.5 Dense Mix Asphalt
South Control 2 - No Salt-DMA 11 66.6 76 89 100 105 92.5 74 -18.5 70 -22.5 70 -22.5 70 -22.5 -19.5 Dense Mix Asphalt
South Control 2 - No Salt-DMA 12 65.8 94 96 96 99 96.25 59 -37.25 59 -37.25 59 -37.25 59 -37.25 -37.25 Dense Mix Asphalt
North Control 2 - No Salt-DMA 1 66.9 77 91 94 93 88.75 69 -19.75 68 -20.75 69 -19.75 69 -19.75 -19.75 Dense Mix Asphalt
North Control 2 - No Salt-DMA 2 68 81 96 97 97 92.75 71 -21.75 71 -21.75 71 -21.75 71 -21.75 -21.25 Dense Mix Asphalt
North Control 2 - No Salt-DMA 3 67.5 89 91 91 94 91.25 74 -17.25 74 -17.25 75 -16.25 75 -16.25 -17.25 Dense Mix Asphalt
North Control 2 - No Salt-DMA 4 66.6 77 91 96 97 90.25 75 -15.25 74 -16.25 72 -18.25 72 -18.25 -15.25 Dense Mix Asphalt
North Control 2 - No Salt-DMA 5 67.4 81 94 99 100 93.5 76 -17.5 75 -18.5 75 -18.5 75 -18.5 -17.5 Dense Mix Asphalt
North Control 2 - No Salt-DMA 6 65.8 72 84 89 91 84 69 -15 69 -15 69 -15 69 -15 -15 Dense Mix Asphalt
North Control 2 - No Salt-DMA 7 66.4 84 91 91 92 89.5 75 -14.5 75 -14.5 75 -14.5 75 -14.5 -14.5 Dense Mix Asphalt
North Control 2 - No Salt-DMA 8 66.3 85 96 99 99 94.75 74 -20.75 72 -22.75 72 -22.75 72 -22.75 -21.75 Dense Mix Asphalt
Driving Lane Control 3 - Salt-DMA 1 62 92 101 105 104 100.5 89 -11.5 90 -10.5 90 -10.5 90 -10.5 -10.5 Dense Mix Asphalt
Driving Lane Control 3 - Salt-DMA 2 63.4 66 89 96 99 87.5 85 -2.5 84 -3.5 84 -3.5 84 -3.5 -2.5 Dense Mix Asphalt
Driving Lane Control 3 - Salt-DMA 3 62 99 104 106 106 103.75 88 -15.75 91 -12.75 91 -12.75 91 -12.75 -15.75 Dense Mix Asphalt
Driving Lane Control 3 - Salt-DMA 4 61.7 81 96 99 100 94 84 -10 84 -10 84 -10 84 -10 -10 Dense Mix Asphalt
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APPENDIX H 
WATER AS A DEICER ON POROUS ASPHALT (A BRIEF STUDY) 
The findings of a brief study using water as a potential deicer was conducted. Results are 
displayed in a Box and Whisker plot, and then summarized using a Connecting Letters Report 
and p-values are displayed for each comparison using a Student’s t-test. A brief summary of the 
study can be found on the last page of the document.  
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Box and Whisker Plot Including Water used as a Deicer 
Connecting Letters Report Including Water used as a Deicer 
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p-Values Including Water used as a Deicer
This study began with utilizing water as a deicer. Water was stored onsite in a 3,000 gallon water 
storage silo and filled up with the help of the Durham Fire Department tanker trucks (there was 
no easy access to water at the study area at the time of the study). A water tank heater was kept 
in the tank to keep the temperature relatively constant and from freezing, and a sump pump was 
dropped into the open tank during each test. The water was applied at a fixed rate using the sump 
connected to a long hose. Several tests were conducted using water to find that efforts were 
fruitless. The surface was freezing solid after application of the water. The water would turn the 
snow-covered (freshly plowed) surface to slush at first and then it would freeze solid under 
typical conditions and the pavement would not drain through as initially hypothesized. Thus, the 
water was eliminated from the study and eventually replaced with Potassium Acetate after 
thorough research.  
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APPENDIX I 
FROST GAGE DATA FOR POROUS ASPHALT AND SOIL GAGES 
The following spreadsheets contain depth of frost for a frost gage contained at the study 
area in PA and a frost gage contained in nearby soil. Columns from left to right contain: date, 
time, depth of frost (in inches) and weather was recorded. Rows indicate the measurements 
recoded for each day. Gages were checked and data was recorded during every site visit during 
the study. This data was not used, but was collected for potential use. The soil frost gage contains 
one additional column indicating the location of the gage as it did change location once over the 
course of the study.  
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1/27/2012 11:32 11 Snow overnight, remained warm with moderate to heavy rain, temps in the 40's.
1/27/2012 17:30 11 Overcast, rain, temps in 40's.
1/28/2012 11:30 3.9 Clear, sunny, temps in mid 40's
1/31/2012 12:30 6 Overcast, light flurries, 30-31°F
2/4/2012 16:40 9 Sunny, light clouds, windy
2/20/2012 16:00 0
2/22/2012 12:30 0 Sunny with clouds, 52°F
2/24/2012 16:48 0 Overcast with heavy rain - 43°F
2/27/2012 12:05 0 Overcast - 41°F
3/2/2012 13:20 0 Overcast, 33°F
3/5/2012 15:30 0 Sunny, windy, 34°F
3/7/2012 13:47 0 Sunny, 55°F
3/8/2012 14:51 0 Sunny, 69°F
12/1/2012 16:00 0 Overcast, light flurries, 28°F
12/15/2012 11:00 1.9 Sunny, 40°F
12/19/2012 18:00 2 NA
12/28/2012 9:00 1.8 Clear, sunny, 26°F
12/30/2012 13:05 1.6 Windy, overcast, 26°F
1/11/2013 17:00 0 NA
1/22/2013 11:00 0 Clear, sunny, windy, 25°F
1/23/2013 17:00 5 Dark, windy, 9°F
1/24/2013 14:00 9.5 Clear, windy, 15°F
1/25/2013 16:00 11 Overcast, 20°F
1/29/2013 11:30 13.5 Overcast, 34°F
1/30/2013 17:00 14 Overcast, rainy, 37°F
2/3/2013 23:00 14 Dark, 23°F
2/6/2013 15:27 13.5 Sunny, breezy, 37°F
2/10/2013 11:40 14 Sunny, clear, 30°F
2/15/2013 11:30 13.5 Sunny, 40°F
3/5/2013 15:20 0 Overcast, 45°F
PA Frost Gage
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1/27/2012 11:32 11 Snow overnight, remained warm with moderate to heavy rain, temps in the 40's.
1/27/2012 17:30 11 Overcast, rain, temps in 40's.
1/28/2012 11:30 3.9 Clear, sunny, temps in mid 40's
1/31/2012 12:30 6 Overcast, light flurries, 30-31°F
2/4/2012 16:40 9 Sunny, light clouds, windy
2/20/2012 16:00 0
2/22/2012 12:30 0 Sunny with clouds, 52°F
2/24/2012 16:48 0 Overcast with heavy rain - 43°F
2/27/2012 12:05 0 Overcast - 41°F
3/2/2012 13:20 0 Overcast, 33°F
3/5/2012 15:30 0 Sunny, windy, 34°F
3/7/2012 13:47 0 Sunny, 55°F
3/8/2012 14:51 0 Sunny, 69°F
12/1/2012 16:00 0 Overcast, light flurries, 28°F
12/15/2012 11:00 1.9 Sunny, 40°F
12/19/2012 18:00 2 NA
12/28/2012 9:00 1.8 Clear, sunny, 26°F
12/30/2012 13:05 1.6 Windy, overcast, 26°F
1/11/2013 17:00 0 NA
1/22/2013 11:00 0 Clear, sunny, windy, 25°F
1/23/2013 17:00 5 Dark, windy, 9°F
1/24/2013 14:00 9.5 Clear, windy, 15°F
1/25/2013 16:00 11 Overcast, 20°F
1/29/2013 11:30 13.5 Overcast, 34°F
1/30/2013 17:00 14 Overcast, rainy, 37°F
2/3/2013 23:00 14 Dark, 23°F
2/6/2013 15:27 13.5 Sunny, breezy, 37°F
2/10/2013 11:40 14 Sunny, clear, 30°F
2/15/2013 11:30 13.5 Sunny, 40°F




Weather PA Depth of Frost (in.)












2/20/2012 16:02 Sunny 0 7.5 40 - - Island Swale
2/22/2012 12:35 Sunny with clouds 0 7 52 - - Island Swale
2/24/2012 16:45 Overcast with heavy rain 0 8.5 43 - - Island Swale
2/27/2012 12:07 Overcast 0 8.5 41 - - Island Swale
3/2/2012 13:20 Overcast 0 8 33 - 34.1 Island Swale
3/5/2012 15:30 Sunny, windy 0 7.5 34 - - Island Swale
3/7/2012 13:47 Sunny 0 7.5 55 - - Island Swale
3/8/2012 14:51 Sunny 0 7.4 69 - - Island Swale
12/1/2012 16:00 Overcast, light flurries 0 0 28 - 27.6 Tree Filter
12/15/2012 11:00 Sunny 1.9 0 40 - - Tree Filter
12/19/2012 18:00 - 2 1 - - - Tree Filter
12/28/2012 9:00 Clear, sunny 1.8 0.13 26 - 27.6 Tree Filter
12/30/2012 13:05 Windy, overcast 1.6 0.5 26 - - Tree Filter
1/11/2013 17:00 0 0 - - 24.3 Tree Filter
1/22/2013 11:00 Clear, sunny, windy 0 1 25 - - Tree Filter
1/23/2013 17:00 Dark, windy, 9°F 5 2 9 - - Tree Filter
1/24/2013 14:00 Clear, windy, 15°F 9.5 3 15 - - Tree Filter
1/25/2013 16:00 Overcast, 20°F 11 4 20 - - Tree Filter
1/29/2013 11:30 Overcast, 34°F 13.5 7 34 28.5 38.9 Tree Filter
1/30/2013 17:00 Overcast, rainy, 37°F 14 7.5 37 - - Tree Filter
2/2/2013 23:00 Dark, 23°F 14 2 23 - - Tree Filter
2/6/2013 15:27 Sunny, breezy, 37°F 13.5 2.5 37 - - Tree Filter
2/10/2013 11:40 Sunny, clear, 30°F 14 3 30 18.8 34.8 Tree Filter
2/15/2013 11:30 Sunny, 40°F 13.5 3.5 40 - - Tree Filter
3/5/2013 15:20 Overcast, 45°F 0 0 45 - - Tree Filter
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APPENDIX J 
ASTM STANDARD E303-93 (REAPPROVED IN 2008) 
This appendix contains the ASTM Standard E303-93 (reapproved in 2008) which is the 
Standard Test Method for Measuring Surface Frictional Properties Using the British Pendulum 
Skid Tester.  
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Designation: E303 – 93 (Reapproved 2008)
Standard Test Method for
Measuring Surface Frictional Properties Using the British
Pendulum Tester1
This standard is issued under the fixed designation E303; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.
1. Scope
1.1 This test method covers the procedure for measuring
surface frictional properties using the British Pendulum Skid
Resistance Tester.2 A method for calibration of the tester is
included in the Annex.
1.2 The British Pendulum Tester is a dynamic pendulum
impact-type tester used to measure the energy loss when a
rubber slider edge is propelled over a test surface. The tester is
suited for laboratory as well as field tests on flat surfaces, and
for polish value measurements on curved laboratory specimens
from accelerated polishing-wheel tests.
1.3 The values measured, BPN = British Pendulum (Tester)
Number for flat surfaces and polish values for accelerated
polishing-wheel specimens, represent the frictional properties
obtained with the apparatus and the procedures stated herein
and do not necessarily agree or correlate with other slipperiness
measuring equipment.
1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.
1.5 The values stated in SI units are to be regarded as the




E501 Specification for Rib Tire for Pavement Skid-
Resistance Tests
3. Summary of Test Method
3.1 This test method consists of using a pendulum-type
tester with a standard rubber slider to determine the frictional
properties of a test surface.
3.2 The test surface is cleaned and thoroughly wetted prior
to testing.
3.3 The pendulum slider is positioned to barely come in
contact with the test surface prior to conducting the test. The
pendulum is raised to a locked position, then released, thus
allowing the slider to make contact with the test surface.
3.4 A drag pointer indicates the British Pendulum (Tester)
Number. The greater the friction between the slider and the test
surface, the more the swing is retarded, and the larger the BPN
reading. Four swings of the pendulum are made for each test
surface.
4. Significance and Use
4.1 This test method provides a measure of a frictional
property, microtexture, of surfaces, either in the field or in the
laboratory.
4.2 This test method may be used to determine the relative
effects of various polishing processes on materials or material
combinations.
4.3 The values measured in accordance with this method do
not necessarily agree or directly correlate with those obtained
utilizing other methods of determining friction properties or
skid resistance.
NOTE 1—BPN and polish values from similar types of surfaces will not
be numerically equal, primarily because of the differences in slide length
and surface shape. Theoretical correction of the polish values to obtain
numerical equality, either by mathematical manipulation or by use of
special measuring scales is not recommended.
5. Apparatus
5.1 British Pendulum Tester (Fig. 1)—The pendulum with
slider and slider mount shall weigh 1500 6 30 g. The distance
of the center of gravity of the pendulum from the center of
oscillation shall be 411 6 5 mm (16.2 6 0.2 in.). The tester
shall be capable of vertical adjustment to provide a slider
contact path of 125 6 1.6 mm (415⁄16 + 1⁄16 in.) for tests on flat
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surfaces, and 76 to 78 mm (3 6 1⁄16 in.) for tests on
polishing-wheel specimens. The spring and lever arrangement
shown in Fig. 2 shall give an average normal slider load
between the 76-mm (3-in.) wide slider and test surface of 2500
6 100 g as measured by the method prescribed in the annex.
5.2 Slider—The slider assembly shall consist of an alumi-
num backing plate to which is bonded a 6 by 25 by 76-mm (1⁄4
by 1 by 3-in.) rubber strip for testing flat surfaces or a 6 by 25
by 32 mm (1⁄4 by 1 by 11⁄4-in.) rubber strip for testing curved
polishing-wheel specimens. The rubber compound shall be
natural rubber meeting the requirements of the Road Research
Laboratory3 or synthetic rubber as specified in Specification
E501.
5.2.1 New sliders shall be conditioned prior to use by
making ten swings on No. 60 grade silicon carbide cloth4 or
equivalent under dry conditions. The swings shall be made
with a tester adjusted as in Section 7.
3 Giles, C. G. Sabey, Barbara E., and Carden, K. W. F., “Development and
Performance of Portable Skid-Resistance Tester,” Road Research Technical Paper
No. 66, Road Research Laboratory, Dept. of Scientific and Industrial Research,
England, 1964.
Kummer, H. W. and Moore, D. F. “Concept and Use of the British Portable
Skid-Resistance Tester,” Report No. 6, PDH-PSV Joint Road Friction Program,
Dept. of Mechanical Engineering, The Pennsylvania State University, State College,
PA 16802, June 1963.
4 The sole source of supply of the apparatus known to the committee at this time
is available from 3 M Co., St. Paul, MN, under the trade name of Type B
Safety-Walk. If you are aware of alternative suppliers, please provide this informa-
tion to ASTM International Headquarters. Your comments will receive careful
consideration at a meeting of the responsible technical committee,1 which you may
attend.
FIG. 1 British Pendulum Tester
FIG. 2 Schematic Drawing of Pendulum Showing Spring and
Lever Arrangement
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5.2.2 Wear on the striking edge of the slider shall not exceed
3.2 mm (1⁄8 in.) in the plane of the slider or 1.6 mm (1⁄16 in.)
vertical to it, as illustrated in Fig. 3.
5.3 Accessories:
5.3.1 Contact path gage shall consist of a thin ruler suitably
marked for measuring contact path length between 124 and 127
mm (47⁄8 and 5.0 in.) or between 75 and 78 mm (215⁄16 and 31⁄16
in.) as required for the particular test.
5.3.2 Miscellaneous equipment, such as water container,
surface thermometer, and brush is recommended.
6. Test Specimen
6.1 Field—Field test surfaces shall be free of loose particles
and flushed with clean water. The test surface does not have to
be horizontal provided the instrument can be leveled in
working position using only the leveling screws and the
pendulum head will clear the surface.
6.2 Laboratory—Laboratory test panels shall be clean and
free of loose particles and shall be held rigidly so as not to be
moved by the force of the pendulum.
6.2.1 Flat laboratory test panels shall have a test surface of
at least 89 by 152 mm (31⁄2 by 6 in.).
6.2.2 Accelerated laboratory polishing-wheel specimens-
shall have a test surface of at least 44 by 89 mm (13⁄4 by 31⁄2 in.)
and shall be curved in the arc of a circle 406 mm (16 in.) in
diameter.
7. Preparation of Apparatus
7.1 Leveling—Level the instrument accurately by turning
leveling screws until the bubble is centered in the spirit level.
7.2 Zero Adjustment— Raise pendulum mechanism by loos-
ening locking knob (directly behind pendulum pivot) and turn
either of pair of head movement knobs at center of tester to
allow slider to swing free of test surface. Tighten locking knob
firmly. Place pendulum in release position and rotate the drag
pointer counter clockwise until it comes to rest against adjust-
ment screw on pendulum arm. Release pendulum and note
pointer reading. If reading is not zero, loosen locking ring and
rotate friction ring on bearing spindle slightly and lock again.
Repeat test and adjust friction ring until the pendulum swing
carries pointer to zero.
7.3 Slide Length Adjustment:
7.3.1 With pendulum hanging free, place spacer under
adjusting screw of lifting handle. Lower pendulum so edge of
slider just touches surface. Lock pendulum head firmly, raise
lifting handle, and remove spacer.
7.3.2 Raise slider by lifting handle, move pendulum to right
lower slider, and allow pendulum to move slowly to left until
edge of slider touches surface. Place gage beside slider and
parallel to direction of swing to verify length of contact path.
Raise slider, using lifting handle, and move pendulum to left,
then slowly lower until slider edge again comes to rest on
surface. If the length of the contact path is not between 124 and
127 mm (47⁄8 and 5.0 in.) on flat test specimens or between 75
and 78 mm (215⁄16 and 31⁄16 in.) on curved polishing-wheel
specimens, measured from trailing edge to trailing edge of the
rubber slide, adjust by raising or lowering instrument with the
front leveling screws. Readjust level of instrument if necessary.
Place pendulum in release position and rotate the drag pointer
counter-clockwise until it comes to rest against adjustment
screw on pendulum arm.
8. Procedure
8.1 Apply sufficient water to cover the test area thoroughly.
Execute one swing, but do not record reading.
NOTE 2—Always catch the pendulum during the early portion of its
return swing. While returning the pendulum to its starting position, raise
the slider with its lifting handle to prevent contact between the slider and
the test surface. Prior to each swing, the pointer should be returned until
it rests against the adjustment screw.
8.2 Without delay, make four more swings, rewetting the
test area each time and record the results.
NOTE 3—Care should be taken that the slider remains parallel to the test
surface during the swings, and does not rotate so that one end rather than
the entire striking edge makes the initial contact. Available data indicate
that tilting of the slider may cause erroneous BPN readings.
Installation of a small flat spring will relieve the problem. The spring
can be inserted into a slot in the spring clip and the assembly secured by
the cotter pin as shown in Fig. 4.The free ends of the spring can rest on
the slider backing plate to restrain the slider from tilting.
8.3 Recheck the slide contact length in accordance with 4.3.
9. Report
9.1 Report the following information:
9.1.1 Individual values in BPN or polish value units,
9.1.2 Temperature of the test surface,
9.1.3 Type, age, condition, texture and location of test
surface,
9.1.4 Type and source of aggregate for polish value tests,
and
9.1.5 Type and age of the rubber slider.
10. Precision and Bias
NOTE 4—The following material pertains only to the precision and bias
of BPN units.
10.1 Repeated tests show standard deviations as follows:
British rubber sliders 1.0 BPN unit
Rubber sliders (conforming to Specification E501) 1.2 BPN units
In both cases the upper quartile of variability is represented
in prevailing test instruments. As there is no marked correlation
FIG. 3 Slider Assembly Illustrating the Maximum Wear on
Striking Edge
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between standard deviation and arithmetic mean of sets of test
values, it appears that standard deviations are pertinent to this
test regardless of the average skid resistance being tested.
10.2 The relationship, if any exists, of observed BPN units
to some “true” value of skid resistance has not and probably
cannot be studied. As a result, precision and bias of this test in
relation to a true skid resistance measure cannot be evaluated,
and only repeatability is given for the method.
10.3 Determine the testing error as follows:
E 5 tsn 21 / 2 (1)
where:
E = testing error,
t = normal curve of 1.96 or 2.0 rounded,
s = standard deviation of individual test results (BPN
units), and
n = number of tests.
10.4 In order to ensure that the testing error stays within 1.0
BPN unit at a 95 % confidence level (corresponding to a
normal curve of 1.96 or 2.0 rounded), the following sample
sizes are needed:
British natural rubber sliders 4




A1.1 Weight of Pendulum—The pendulum arm with
mounted rubber slider shall be disconnected from the instru-
ment and weighed to the nearest 1 g.
A1.2 Center of Gravity—The center of gravity of the
pendulum with a mounted rubber slider shall be determined by
placing the pendulum assembly over a knife edge and experi-
mentally locating the point of balance as shown in Fig. A1.1.
The adapter nut shall be held at the far end of the arm by a light
paper wedge. After the point of balance has been obtained, the
position of the balance weight shall be adjusted until the slides
of the pendulum foot are horizontal.
A1.3 Distance of Center of Gravity from Center of
Oscillation—With the pendulum reconnected to the tester and
knurled bearing cap removed, distance shall be measured from
the center of oscillation (center of bearing nut) to the point of
balance (center of gravity). This distance shall be measured
directly to the nearest 1 mm (0.04 in.).
A1.4 Slider Load—The pendulum shall be clamped to a
holder attached to the scale plate of the tester and the tester
placed and leveled on a tripod stand as shown in Fig. A1.2.
Insert the spacer. Adjust the pan balance with a bearing
assembly (see Note A1.1) on one pan and tare weights on the
other pan so that the balance pointer is at center scale reading.
The pendulum, with a slider, shall be lowered with the vertical
height knobs of the tester until the slider is approximately 0.25
FIG. 4 Spring Clip and Spring to Inhibit Slider Rotation
FIG. A1.1 Pendulum Assembly Showing Location of the Point of Balance
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mm (0.01 in.) from the top surface of the bearing assembly.
Lock vertical height knob and remove the spacer. This will
cause an unbalance which shall be partially compensated by
adding weights to the opposite pan to bring the indicator to
within approximately 200 g of the center scale reading. To
complete the balance procedure, the pointer is returned to the
center scale reading, by adding water slowly into a graduated
cylinder. Empty the cylinder and repeat pouring. Record the
average weight required to raise slider so that the balance
pointer is at the center of scale (see Note A1.2). If the average,
normal slider load between the 76-mm (3-in.) wide slider and
the pan balance is not within the requirements stated in 2.1.1
adjust the spring tension nut illustrated in Fig. 2 and redeter-
mine the slider load.
NOTE A1.1—The bearing assembly may be a “ladder” bearing with a
rigid, free-moving top plate or a similar arrangement so that no horizontal
loads are introduced while measuring the vertical slider load.
NOTE A1.2—It may be necessary to move the pans of the balance up
and down to “work” the spring in order to get smooth and consistent
readings. If the measurements of the slider load are still irregular after
“working” the spring, remove the side and bottom panels of the pendulum
foot and inspect for cleanliness of the bearing surfaces and knife edges
illustrated in Fig. 2 and redetermine the slider load.
ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.
This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
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FIG. A1.2 Arrangement of the British Pendulum Tester, Showing Pendulum Assembly and Pan Balance Used to Measure Slider Load
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APPENDIX K 
MUNRO STANLEY CALIBRATION AND SKID VERIFICATION DOCUMENTS 
This Appendix contains the Munro Stanley provided Calibration and Skid Verification 













NON-PARAMETRIC STATISTICAL ANALYSIS USING THE WILCOXON RANK-
SUM TEST 
This Appendix contains the non-parametric statistical analyses results using the Wilcoxon 
Rank-Sum Test. “The Wilcoxon Rank-Sum Test is a Non-parametric alternative to the two-
sample t-test that is based solely on the order in which the observations from the two samples fall 
(Wild, 1997).  
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Surface Temperature prior to Deicer Application 
Parametric Analysis (Student’s t-test) Results:  
Non-Parametric Analysis (Wilcoxon Ranked-Sums Test): 
Results obtained from computing a non-parametric analysis did not differ from those obtained 
from completing a parametric analysis for this dataset. Non-parametric results are presented 
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above and do not differ significantly from one-another. The highest ranked sum was the Beet and 
Brine and the lowest was Control 2 – DMA No Salt, but the sums are all similar, and therefore 
confirm the same results obtained above using the t-test and can be observed by examining the 
resulting p-values.   
Surface Temperature after Deicer Application 
Parametric Analysis (Student’s t-test) Results: 
Non-Parametric Analysis (Wilcoxon Ranked-Sums Test): 
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Results obtained from computing a non-parametric analysis did not differ from those obtained 
from completing a parametric analysis for this dataset. Non-parametric results are presented 
above and do not differ significantly from one-another. The highest ranked sum was the Beet and 
Water followed by the Beet and Brine. The lowest was Control 2 – DMA No Salt, and these 
results are significantly different from one another.  These ranked sums display differences as 
noted above and therefore confirm similar results as obtained above using the t-test and is 
displayed in resulting p-values.   
Parking Stall vs. Snow/Ice Cover Precentage 
Parametric Analysis (Student’s t-test) Results: 
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Non-Parametric Analysis (Wilcoxon Ranked-Sums Test): 
Results obtained from computing a non-parametric analysis did not differ from those obtained 
from completing a parametric analysis for this dataset. Non-parametric results are presented 
above and do not differ significantly from one-another. The highest ranked sum was Control 3 – 
DMA Salt, and these results are significantly different from one another. These ranked sums 
display differences as noted above and therefore confirm similar results as obtained above using 
the t-test and is displayed in resulting p-values.   
Surface Tested vs. Weighted BPN 
Parametric Analysis (Student’s t-test) Results: 
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Non-Parametric Analysis (Wilcoxon Ranked-Sums Test): 
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Results obtained from computing a non-parametric analysis did not differ from those obtained 
from completing a parametric analysis for this dataset. Non-parametric results are presented 
above and do not differ significantly from one-another. The highest ranked sum was Wet-PA 
followed by Dry-DMA. The lowest ranked sum was the CS-PA, and these results are 
significantly different from one another. These ranked sums display differences as noted above 
and therefore confirm similar results as obtained above using the t-test and is displayed in 
resulting p-values.   
Parking Stall vs. Weighted BPN   
Parametric Analysis (Student’s t-test) Results: 
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Non-Parametric Analysis (Wilcoxon Ranked-Sums Test): 
Results obtained from computing a non-parametric analysis did not differ from those obtained 
from completing a parametric analysis for this dataset. Non-parametric results are presented 
above and do not differ significantly from one-another. The highest ranked sum was Control 3 – 
DMA. The lowest ranked sum was the Control 2 – DMA No Salt, and these results are 
significantly different from one another. These ranked sums display differences as noted above 
and therefore confirm similar results as obtained above using the t-test and is displayed in 
resulting p-values.   
Parking Stall vs. Dry BPN    
Parametric Analysis (Student’s t-test) Results: 
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Non-Parametric Analysis (Wilcoxon Ranked-Sums Test): 
Results obtained from computing a non-parametric analysis did not differ from those obtained 
from completing a parametric analysis for this dataset. Non-parametric results are presented 
above and do not differ significantly from one-another. The highest ranked sum was Beet and 
Water – PA followed by Potassium Acetate – PA. The lowest ranked sum was the Control 2 – 
DMA No Salt, and these results are significantly different from one another. These ranked sums 
display differences as noted above and therefore confirm similar results as obtained above using 
the t-test and is displayed in resulting p-values.   
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Parking Stall vs. Wet BPN    
Parametric Analysis (Student’s t-test) Results: 
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Non-Parametric Analysis (Wilcoxon Ranked-Sums Test): 
Results obtained from computing a non-parametric analysis did not differ from those obtained 
from completing a parametric analysis for this dataset. Non-parametric results are presented 
above and do not differ significantly from one-another. The highest ranked sum was Control 3 – 
DMA Salt. The lowest ranked sum was the Control 2 – DMA No Salt, and these results are 
significantly different from one another. These ranked sums display differences as noted above 
and therefore confirm similar results as obtained above using the t-test and is displayed in 
resulting p-values.   
Parking Stall vs. Normalized BPN    
Parametric Analysis (Student’s t-test) Results: 
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Non-Parametric Analysis (Wilcoxon Ranked-Sums Test): 
Results obtained from computing a non-parametric analysis did not differ from those obtained 
from completing a parametric analysis for this dataset. Non-parametric results are presented 
above and do not differ significantly from one-another. The highest ranked sum was Control 3 – 
DMA Salt. The lowest ranked sum was the Control 1 – PA No Salt, and these results are 
significantly different from one another. These ranked sums display differences as noted above 
and therefore confirm similar results as obtained above using the t-test and is displayed in 
resulting p-values.   
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APPENDIX M 
TOXICITY RESULTS FROM CLEAR ROADS STUDY 
Clear Roads published a study conducted by Barr Engineering in December 2013 in 
which they examined toxicological effects of select deicers. A summary and the results of this 
study are presented in the following pages in this Appendix. 
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In this mentioned study the potential aquatic toxicity is a function of the base salt, the corrosion 
inhibitor, the salt concentration in the corrosion inhibitor, and impurities (direct words). In the 
study mentioned, the potassium acetate that was examine for toxicity was the type that was used 
in thesis, but the beet was different, but there were likely some similarities between the products 
as they both contained desugared beet molasses and brine, and are discussed below:  
 Potassium Acetate (CF7©) – Not currently on the Pacific Northwest Snowfighters (PNS)
Qualified Product List and is in the Experimental Category. BOD is high, COD is low.
Nitrate and Nitrite is low. Nitrogen as TKN (total Kjeldahl Nitrogen) is low. Total
phosphorus is high. Total phosphate is high. Potassium is high. pH is 9.59.
 Beet 55© – Pacific Northwest Snowfighters (PNS) approved. BOD is high, COD is high.
Chloride’s med (relative). Nitrate and Nitrite is high. Nitrogen as TKN (total Kjeldahl
Nitrogen) is high. Total phosphorus is medium. Total phosphate is low. Potassium is low.
pH is 7.73.
 Specifications developed by PNS help guide transportation agencies around the country
in the selection of chemical products for winter maintenance applications. Products
selected for inclusion on the PNS Qualified Product List (QPL) must meet the following
criteria:
 Pass a series of tests for friction, corrosion, and chemical and
toxicological properties.









STANDARD NORMAL DEVIATE ANALYTICAL RESULTS 
This appendix contains the analytical results of a standard normal deviate for wet/dry 
BPNs. The standard normal deviate for this dataset was calculated using the following formula:  
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑒 =
𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝐵𝑃𝑁
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐷𝑟𝑦 𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡
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Normalized BPN Results 
The Normalized BPN Results are displayed for the wet and dry pavement in the following 
graphics. The first figure and associated data table is displaying the Student’s t-test as a box and 
whisker plot for the normalized BPN which is calculated by subtracting the Average Dry BPN  
from the Average Wet BPN.  
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Standard Normal Deviate 
The Standard Normal Deviate BPN Results are displayed for the wet and dry pavement in the 
following graphics. The first figure and associated data table is displaying the Student’s t-test as 
a box and whisker plot for the standard normal deviate which is obtained by dividing the 
normalized BPN by the standard deviation during dry conditions for each parking stall surface 
(stall is on the x-axis).  
The standard normal deviate displays results that are similar to the normlized BPN, but the Beet 
and Water result changed drastically.  
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